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photographers. Its readers will be more than repaid by a close comparison of 
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S it is customary for an author to say a few 
words to his readers by way of introduction, 
before they become better acquainted with 
one another, let me briefly state the reason why 
this book is written, and why I felt some confidence 
in undertaking the work. The magic lantern has 
always been one of the most popular instruments 
ever made. So popular has it been, that children by 
the thousand recognise its charms, while many of more 
mature years have a secret hankering after it, which 
they would fain leave unacknowledged : '* For it is but a 
toy,'* think they, ''and we have left toyland behind 
us since we reached man's estate/' Let me 
sympathise with these feelings, and own for my part 
a weakness for pantomimes and fireworks, which 
weakness I have occasionally the opportunity of 
indulging, on the plea of tdking my children out for 
a treat. But let me say at once that the magic lantern 
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is now no toy, but is recognised as a valuable aid to 
education far and wide. The reason for this is not 
far to seek. First, we have to look at the vast 
improvement in the instrument itself. So loog as the 
greasy, evil-smelling oil lamp was almost the sole 
illuminant available, and roughly executed daubs in 
varnish colours on glass the only works of art (?) 
which could be purchased for the lantern, it did not much 
signify that the lenses were also of a faulty character, 
and no better in quality than the '^ bull's eye *' of the 
nocturnal policeman. But when the brilliant limelight 
came to be adapted to the lantern, it was at once seen 
that the capabilities of the instrument were not only 
much increased, but almost without limit. It would 
be difficult to say offhand how many persons visited 
the Royal Polytechnic Institution in the forty years 
during which it was open to the public; but it is 
within my own experience that at one period, at the 
time of the ''ghost'' illusion, they came at 
the rate of two thousand per diem: There is no 
doubt whatever that the Polytechnic caused this form 
of amusement to become popular, for the lecturers 
affiliated to the Institution travelled the country 
round, and gave similar entertainments in all parts. 

There are few branches of science in which the 
optical lantern cannot be made useful for purposes of 
demonstration, and as this fact becomes better known, 
every schoolroom in the kingdom will be provided 
with one. In every lecture theatre worthy of the 
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name tho instrument is already constantly called upon 
to illustrate various subjects^ and I venture to state 
that its use will be greatly increased now that so 
much attention is being paid to the art of photo- 
micrography, by which enlarged pictures of micro- 
scopic objects can be easily rendered available for 
projection by means of the lantern. A large class 
of students can thus at the same moment study the 
structure of an organism which may be in reality 
invisible to unaided sight by reason of its minute 
size. 

But during the past few years, the number of those 
who interest themselves in the lantern and its 
capabilities has been vastly increased by the sudden 
popularity of the art of photography. Amateur 
photographers are now to be found in every town in 
the kingdom, and they are beginning to find out that 
there is no better method of showing their friends the 
pictures which they have taken than by means of the 
optical lantern. The same instrument, too, as it 
offers a means of making permanent enlarged copies 
of small photographs, serves with them a double 
purpose. 

The introduction as illuminants of the hydrocar- 
bons, under the name of petroleum, paraffin, kerosene, 
&c., has also had its share in the recent development 
of the optical lantern, for. now a few pounds will 
purchase a better instrument than was procurable at 
any price twenty years ago. 

h 
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With these facts in view, I have long thought that 
a thorough guide to the working of the optical lantern, 
the preparation of its diagrams and pictures, the 
colouring of the same> the production of photo- 
micrographs, and everything pertaining to lantern 
work, would fill a vacant place in technical literature. 
Beyond the two or three shilling handbooks which 
have appeared, there is nothing of the kind procurable; 
and in the space available in such books, it is obvious 
that the various matters to which I have referred 
cannot be sufficiently dealt with. 

Some of the matter here printed has already 
appeared in The Amateur Photographer, and in The 
Camera. The author is indebted to the proprietors of 
both those periodicals for their courtesy in allowing 
both text and cuts to be reproduced in this work. 

T. C. HEPWORTH. 

45, St. Augustine's Road, Camden Squarb, 
London, N.W. 

January f 1889. 





CHAPTER L 



THE CONSTRUCTION OF THE LANTERN. 




N that wonderful autobiography of Benvenuta 
Cellini, which Horace Walpole described as 
being " more amusing than any novel," we 
find the account of a weird incantation scene which 
took place in the Colosseum at Rome. Cellini tells us 
that he had made the acquaintance of a Sicilian priest 
who volunteered to initiate him into some of the 
secrets of necromancy. A meeting was appointed at the 
Colosseum, where " the priest, having arrayed himself in 
necromancer's robes, began to describe circles on the earth 
with the finest ceremonies that can be imrgined. I must 
say that he made us bring precious perfumes and fire, and 
also drugs of fetid odour. When the preliminaries were 
completed, he made the entrance into the circle ; and 
taking us by the hand, introduced us one by one inside it. 
Then he assigned our several functions : to the necromancer, 
his comrade, he gave the pentacle to hold ; the other two 
of us had to look after the fire and the perfumes ; and 
then he began bis incantations. This lasted more than an 

B 
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hoar and a half, ivheu several legions appeared, and the 

Colossenm was all full of devils." It haa been suggested 
that these effects were prodaced by some form of lantern 
cauting images on the smoke from the burning drugs. 
Should this surmise be correct, it would refer the nse of 
the instrument ba«k to the early half of the sixteenth 
centnry — Cellini having been bom at Florence in the 
year 1500 — and the event spoken of having occurred in 
his early manhood. 

But on careful perusal of the entire account of these 
supernatural wonders, I feel convinced that no kind of 
optical instrument can have been used. To produce any 
remarkable effect in such a large space as that covered by 
Vespasian's Amphitheatre would certainly tax the powers 
of the best modem lantern. Besides which, CeUini was 
a remarkably clever and observant man, and would 




probably have detected the employment of any such 
roparatus. It is far more probable that the priest was 
'■■led by a number of confederates, and that these were in 
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reality the legions of devils which so impressed the super- 
stitious mind of the Florentine goldsmith and sculptor. 
With far more reason might we suspect the use of the 
lantern in those manifestations which are said to tuke 
place among the so-called spiritualists and their mediums 
of to-day. 

We are certainly on much firmer ground when we 
ascribe the first conception of the instrument to Athanasius 
Kircher, the learned Jesuit of the seventeenth century, 
who has left so many volumes to testify to the great gifts 
which he possessed. For in one of these books, Ars Magna 
Lucis et UmhrcBy we not only find descriptions and dia- 
grams of numerous optical contrivances (I may note in 
passing that many of these drawings, redressed and 
elaborated, appear in modern text-books as new ideas), 
but several which show that Kircher quite understood the 
main principle upon which the optical lantern depends. 
A tracing of one of these rude cuts is given at fig. 1, 
from which it will be" seen that the design to be projected 
by the lens is illuminated by three candles — the brightest 
form of artificial light then known — and an inverted 
image is thrown upon a screen at a distance. 

Here we have practically the germ of the aphengescope, 
or opaque form of lantern. But modem writers on the 
subject, in referring to Kircher, have curiously overlooked 
this most suggestive drawing, and have given another one 
from his book, which they erroneously describe as the first 
form of magic lantern. This I also reproduce (see fig. 2). 
The description appended to the cut certainly does not 
bear out that view, but points rather to a means of in- 

B2 
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creasing the light from anj lantern by using a parabolic 
reflector behind the lamp or candle flame. The passage 
(translated) runs as follows : — 

" To constnict an ingenious lantern which may show 
things written at a great distance so that they can be 



" Let a lantern be made of the same cylindrical figure 
C 




1 whose base let a concave 
mirror be placed, having as par<abolic a shape ae is possible. 
Within the focus of this mirror let P, the flame of a 
candle, be fixed, and yon will have what is required, for 
it will shine with such unwonted splendour as to show by 
night, without any trouble, even the smallest letters when 
examined by the aid of a telescope. But persons looking 
at the fiame from a distance will think that it is a great 
fire. If the inner sides of the cylinder are fashioned of 
polished tin in the form of an ellipse, they will increase 
the light. But the figure here given will sufficiently show 
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the invention. B marks the handle and the opening (or 
window) ; C the chimney or funnel." 

It is worthy of note that Sir David Brewster, in his 
" Natural Magic," quotes the incantation scene from 
Cellini at length, and states his conviction that the 
appearances were brought about by optical apparatus, 
although he admits that little was known of the action of 
mirrors and lenses until the time of Kircher. 

It is obvious, however, that such primitive instruments 
were of the crudest kind, and can only be regarded as 
interesting curiosities. Up to within quite recent times 
lanterns for projection held about the same relation to the 
modem instrument as does the bone needle of the cave 
men to the sewing machine. Like most instruments of 
precision, the optical lantern is the outcome of many years 
of patient thought and labour, and is the result of the 
working of many minds. No individual can be credited 
with its invention or discovery. The crude idea is, as we 
have seen, to be found in Kircher's book, and one improve- 
ment has been suggested here, and another there, until we 
have before us a very perfect optical appliance. 

The gradual advance in the instrument very naturally 
follows the introduction of improved illuminants for more 
general purposes. The oil lamp was superseded by the 
argand gas-burner, and this was in its turn supplanted by 
the whiter and better light afforded by mineral oil, while 
befcre this, for the better kind of lanterns. Lieutenant 
Dnmmond's brilliant limelight was quickly adopted as the 
best for the purpose. This, too, may possibly, in the near 
future, give way to the stiU more brilliant electric arc 
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light. But the iatrodnction of mineral oil, in conjnnction 
ivith the adaptation of photography to lantern pictures, 
have been the mala factors in giving the instrument its 
present popularity. 

The first lantern burning mineral oil, and called the 
Scioplicon, came to ns from America. It was constructed 
on scientific principles, and was far in advance of anything 
of the kind before produced. It possessed good lenses 
and a powerfnl lamp, the two broad wicks of which were 
placed edgeways towards the condenser. The lamp was so 
closed in that it formed a combustion chamber, and bomt 
the oil under the best conditions. The lantern, however, 




Fio. 3. 
had ito fanlts. The front glass of the lamp was i^t to 
break, and a dark vertical line was always seen upon the 
sheet — a line which was in reality the imsige of the dark 
space between the two wicks. By adding a central wick, 
and by making certain alterations in the ventilatinn of the 
lamp chamber, Messrs. Newton conquered both these 
difficulties, and a far more pici-fect foi^m of lantern has 
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been the resnlt. The same makers hare, too, made the 
lamp distiact and separate from the lantern, so that, if 
required, it can readily be removed, and a lime-jet used 
in its stead. The form of lamp referred to is shown in 
6g. 3, both open for trimming and closed as in use, 
while a complete mineral oil lantern, of the kind 
now adopted by most makers, is seen at 6g. 4. The 




management of oil lan^ienis is so simple, really resolving 
itself into the necessity for keeping the burning wicks at 
a correct height, and putting the slides or pictures on the 
stage provided for them, that no more space need be 
devoted to this portiun of my subject. 

The great advantage of nning a pair of lanterns is that 
whilst a picture is being shown by one, another picture is 
being made ready in the other, and there is no pause o 
- blank screen when the change is made. The so-called (?'" 
solving views, which are produced by making this change 
slowly, made a great sensation when they were fir^* iutro- 
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dnced, perhaps becanse few knew exactly how they were 
managed. But they are now go common that many 
persons consider them rather tireaome than otherwise 
Still, they give the operator a ready means of varying his 
work, if the dissolving apparatus be nsed with judgment. 
Thus most beautiful effects can be obtained in landscapes, 
more especially in seaacapea, by nsing pbotographio 
clond pictures, the gradual blending of one clouded sky 
into another giving fine aerial and very natural resnlta. 
In one set of pictures which I prepared to demonstrate 
the beauties of clondland, in connexion with a lecture on 




ballooning, a snnrise picture was made fo melt into a enii- 
set picture, and in due titiie this latter gave place to a 
moonlight effect. I am convinced that much can be done 
in tliis direction if time can be given to the preparation of 
the pictnres. 
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Origically for ench effects two separate lanterns frere 
ased side hj side, but now a binnial lantera, with one 
optical Byatem above the other, is employed (see fig. 5). 
The modern arrangement ia far more convenient for the 
operator,for the apparatas is compact and every adjastment 
is within easy reach of his hand. A lantern so constraoted 
generally consists of a strong wooden body, lined with metal, 
with cells for the reception of the condensing lenses. 
Openings at the back shaped thas ^ allow for the necessary 
to and fro motion of the lime jets and their trays. 
Between these openings, on the outside of the lantern 
body, is fixed the dissolving kev or tap, connected by indiar 
rubber tubes with the two jets (see fig. 6). In front of the 
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mstrumeat are the stages for the reception of the slides, and 
the metal plates to which are affixed the telescopic tubes for 
holding the objective lenses. These plates are hinged, and 
their inclination upward or downward to make the two 
discs concentric on the sheet or screen is governed by 
milled headed screws. The objectives c^n by this means 
be made to slightly approach one another, while the con- 
densers remain fixed. It is obvious that it would be better 
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if the condensing lens also moved with the objective so 
that the optical axis of one should agree with the 
other. This conld easily be done by making the tipper 
lantern move on a central pivot, and clamping it with a 
fixed screw ; but the more faulty and elaborate plan has 
been adopted by manufacturers, and will probably hold its 
own for a long time yet. 

It is certainly too much the fashion to adorn lanterns 
with a mass of heavy brass-work. Like any other adorn- 
ment, the brightly-lacquered brass looks well enough, but 
represents, to my thinking, a waste both of material and 
of workmanship, which adds greatly to the cost of an 
instrument, without adding one jot to its efficiency. In- 
deed, this brass-work is a positive disadvantage when a 
lantern has to be carried from place to place by a busy 
lecturer, and constitutes, not only an inccmvenience, but a 
tax, in the shape of "excess luggage." This superfluous 
metial must, I suppose, be looked upon as a custom of the 
trade, which it is very difficult to break down. It is the 
same case with the microscope, the delicate brass-work of 
which often costs more than the lenses, expensive though 
the latter are. In each case the metal- work represents a 
convenience in operating the instrument, but much of it 
could be dispensed with, without in any way detracting 
from its performance. We may, I think, gain a lesson 
in the construction of an ideal lantern by examining 
a modern photographic camera for tourists' use, where the 
greatest rigidity is combined with extreme lightness, and 
metal is used but sparingly. Looking at such an 
instrument, we find that it must be extended for f )cus- 
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sing pnrposes, and that its chief expanding part is made 
of folded leather (concertina bellows fashion). Now, why 
shonld not the same arrangement be adopted for the 
optical lantern ? We here require a similar extension of 
the front of the instrument, in order to suit the foci of 
the difEerent lenses employed, and according to the dis- 
tance and size of the picture which we wish to project on 
the screen before us. Surely some arrangement of the 
kind could be adapted to the lantern. If such a change 
of construction were brought about, and with analogous 
alterations in other parts, the weight of a double or triple 
lantern would certainly be reduced to about one-third of 
of what it is at present. It may, perhaps, take some time 
for opticians to appreciate this view of the case, and there 
may be good trade reasons for not making a change of 
such a radical nature. I am not behind the scenes, and 
so cannot tell. It might certainly be urged with some 
truth that there is no need to be in a hurry to alter the 
present type of lantern, seeing that lightness of construc- 
tion may soon be brought about by the substitution of 
aluminium for brass. The production of the former 
metal is daily becoming cheaper, and as its weight, bulk 
for bulk, is about one-third that of brass, and as it is 
strong, not easily tarnished, and in other respects is suit- 
able for the purpose of lantern construction, we may look 
forward to its adoption in this service. 

Where a lantern is used for educational purposes it 
requires certain additions which are quite unnecessary in 
exhibition instruments. On the other hand, several 
ornamental adjuncts which are desirable in the latter 
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form of lantern may be dispensed with in the instmment 
designed for the lecture or school room. Indeed, in an- 
other chapter I point ont how a. veiy simple arrangement 




Fig. 7, 
of lamp and lenses can be made aerviceao.e for edncational 
work. One of the most imporfcint additions to an mstm- 
ment used for teaching is what is known as the 
vertical attachment. The object of this arrangement 
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is to show certain preparations and other objects which 
ranst be kept in a horizontal position during exhibition. 
" Horizontal Attachment " would, therefore, perhaps be a 
more sensible name for the apparatus — the construction of 
which can be easily understood by reference to the annexed 
cut (fig. 7). The round opening in front, four inches in 
diameter, is the place where the apparatus fits on to the 
lantern, the lenses, &c., of the latter having been removed 
for its accommodation. So that the light from the lantern is 
received by the sloping mirror, and is reflected upwards 
through a condensing lens, which is placed horizontally. 
This lens forms a table or stage upon which different slides 
or preparations can be laid for exhibition. The image is 
formed by the lens above, and by the prism above that is 
redirected and cast upon the sheet or screen. It is obvious 
that some loss of light must result from filtering the rays 
through so many media, but this cannot be helped. In 
the chapter dealing with experiments possible with the 
lantern the use of this vertical attachment will be further 
alluded to, when its value will be better appreciated. 

Double lanterns to bum oil are usually placed side by 
side, but fig. 8 shows a convenient form of lantern which 
has been recently introduced, and which is so constructed 
that one lantern can be detached from its fellow. Thus, 
when the lime-light is used they are adjusted one above 
the other, and when the oil lamp is employed they are 
placed side by side. Mr. Tyler has still more simplified 
the matter by inventiog a biunial lantern which bums 
oil, although the position of the two lamps is one above the 
other. This he achieves by the use of a bent chimney, 
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which [troceeds from the lower lantern and carrUe nynj 
the hot air, bo that it cannot influence the lamp above. 




Fig. 8, 



In the triple Inntern (fig. 9) we have three optical 
ayetems, and of course three lime-lights. This ie Uie 
exhibition instrument par excellence, and ia commoclj 
nsed by those exhibitors who may be described rather as 
entertainers than lecturers. The third lantern is in reality 
not often nsed. It ia kept in reserve for producing occa- 
. sional effects while the other two Unterns are at work. 

In some respects the optical lantern resembles the king of 
musical instrnments, for the effects which can be produced 
by it are dependent upon and limited by the number of ita 
parts. If an oi^n has but one row of keys, the instrument 
can do little beyond famishing an accompaniment. Witji 
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two rows its capabilities &re much, increaeed, for the org&met 
can nse tfaem alternately in contrast with one another, or 
can combine them. With three claviers, his powers are 
once more amplified, and he can introdnce those changes 
of mnsical colour for which our language provides no 
descriptive word. So it js with the lantern. If it have 
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bnt one optical system the operator can only use it as a 
means of showing simple pictures or diagrams. If it have 
two aysteme he can produce the popnlar dissolving views ; 
and if it be provided with a third set of lenses, he can 
mingle with the views shown those " effects," as they are 
c&Ued, which are ao welcome to an audience of young 
folk, and very often to children of a lai^r growth. 



CHAPTER II. 



THE OPTICAL SYSTEM OP THE LANTEBH. 




HE three great essentials of a good optical lantern 
are the light, the condenser, and the objective, the 
two latter forming the optical system of the instru- 
ment. Theoretically, the light to give the best results should 
be a mere point of radiance, but unfortunately this is 
at present almost unattainable. I say almost, because I 
believe it to be quite within the bounds of possibility to con- 
struct an electric arc light which shall fulfil all the conditions 
as to steadiness, uniformity of action, and maintenance of 
a fixed position, which are required in lantern work. Such 
a light has not yet been found, but when electricity 
becomes more general as a source of illumination in our 
cities and towns, — as it surely will, — an arc light op 
regulator of the required description will, I feel confident, 
soon bo forthcoming. The invention of such a con 
trivance, when the means of obtaining the requisite 
current to feed it is so limited, would at present have the 
disadvantage of coming before its time. The electric 
arc light has been used more than once experimentally 
in the lantern, with the most promising results. 
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The best source of illumination for the lantern 
is, — when we exclude electricity for the reasons just 
indicated, — the lime-light. It has the good qualities 
of intense whiteness, steadiness, ease of management, 
portability, and although not a point, its area of radiance 
is not much greater than the spEbce covered by a pea. I 
shall describe in detail the method of its production and 
management later on. 

Having then a convenient form of intense light, we have 
next to consider the means of using it to the best ad- 
vantage. We must start with the acknowledgment that 
in enlarging the image of a picture we must sacrifice a 
large amount of light. But by using properly-constructed 
lenses, we can make this loss as little as possible. - As 
already pointed out, the optical system of a lantern 
consists of two distinct parts, — the aondenser and the 
objective lenses. 

As many of my readers may be quite unacquainted with 




Fig. 10. 
the matter under consideration, I will point out why thia 
double system is necessary, and describe the work per- 
formed by each set of lenses. In the annexed diagram, 
fig. 10, L represents the lime cylinder, with rays of light 
emanating from it and illuminating the picture P, which 

c 
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we reqnire to show in an enlarged form. O is the objective 
lens by which this enlargement is to be brought about; 
the sheet or screen upon which the picture is projected 
being suppost d to be far away to the right. With such an 
arrangement of parts what should we see on that screen ? 
In the first place we should have but a very feeble light, 
for as will be seen by reference to the diagram, most of 
the luminous rays are wasted altogether, only the cen- 
tral ones proceeding through the lens O. It will be 
seen also that these rays go through the central portion 
of the picture only, and that therefore only this part 
can be projected on to the distant screen. So that as a 
result of our first efforts at lantern projection, we get an 
indistinct and badly -lighted portion of a picture presented 
to us. How can we remedy this state of things ? Ob- 
viously, the thing to be done is to cause more of the rays 
from our light source to be utilised, and tnis can be brought 
about by placing between that light and the picture a lens 
which shall condense the light upon that picture, and which 
is therefore known as the condenser. 

In fig. 11 we see a repetition of the diagram, fig. 10, with 




Fig. 11. 



the addition of a condenser, shown m this case, for the 
sake of simplicity, as a single lens. Referring once more 
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to this imaginary picture upon our screen, we now see that 
it is complete. It is no longer the central fragment of a 
design, but covers the sheet, and is equally illuminated. 
We can at once see the reason for this welcome change by 
looking once more at our revised diagram, fig. 11. The 
rays of light ifistead of being wasted in illuminating the 
inside of the lantern box, are refrdcted by the lens which 
we have introduced, and are bent towards the objective. 

In my diagrams, for the sake of simplicity, I have 
represented each lens as consisting of a single piece of 
glass of plano-convex form. Such lenses are found in toy 
lanterns of the cheapest kind, but are, as might be ex- 
pected, extremely faulty in performance. In the enlarged 
picture, they give, owing to their total want of correction, 
badly-defined margins, curved lines, and fringes of colour. 

Having now seen the purpose fulfilled by the condensirg 
lens of the optical lantern, let us further consider its best 
form, and let me at once correct an error into which a 
purchaser is likely to fall. I have sometimes heard the 
possessor of a lantern speak somewhat boastingly of his 
instrument as one with 5, or perhaps 6 -inch condensers, 
the more ordinary size being 4 inches, and often only 
3 J inches. For lantern projection, any size over 4 inches 
is a positive disadvantage, and instead of representing a 
gain, means really a great loss of light. The reason for 
this is readily seen. What may be called the standard size 
for a lantern picture is 3 inches in diameter (the entire 
slide with its margin measuring 3 J inches). If the picture 
be framed in a circular 3-inch mount, a 3J-inch condenser 
will amply illuminate it. If, however, the orifice of the 

g2 
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mount be square or cushion-shaped, such a small condenser 
would infallibly cut off the corners of the projected image, 
and for such pictures, therefore, a 4-inch condenser is 
necessary. But the smaller condenser transmits more 
light, for the reason that being of shorter focus, the lime 
cylinder is brought nearer to it. Some well-known 
exhibitors, seeing the great importance of getting all the 
light upon the screen that they possibly can, use nothing 
but 3 i inch condensers, but this obliges them to confine 
tliemselves to round pictures. On the whole, I prefer 
myself the 4-iiicli condenser, for although I lose some 
light, I can make use of any shaped pictures or diagrams 
which may be required. (If the lantern be used for 
photographic enlarging purposes, then a large-sized con- 
denser is the great thing needful, at least, we must have 
one of a size large enough to cover the negative which 
has to be enlarged ; a quarter-plate size necessitating a 
5-inch condenser and so on. But in that case brilliancy 
of image is quite a secondary matter, and is compensated 
for by extension of time occupied in the operation.) It 
must also be borne in mind that, quite apart from the 
question of focal length of the condensing lens, there is a 
limit to the near approach of the incandescent lime 
cylinder towards it, for the intense light is naturally ac- 
companied by a fervent heat, which will surely crack 
a lens if it be too near to it. In the chapter on the 
working of the lime-light, precautions against this accident 
are fully dealt with. 

There are two forms of condensers, either of which 
may be commonly found in commercial lanterns. One 
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consists of a pair of plano-convex glasses mounted in one 
cell, with their curved surfaces all but touching one another. 
This form was, I believe, first introduced with the 
American sciopticon. It is shown at fig. 12. The other 
form of condenser is that devised (but not for lantern use) 
by Sir John Herschell, and which consists of a double 
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Fi6. 12. 



Fig. 13. 



convex lens, associated with a meniscus, the concave side 
of the latter being next the radiant point, as shown in 
fig. 13. In a good condenser we want not only quantity 
of light, but also good quality, and these properties can 
only be secured by careful attention to certain points of 
construction. Quantity of light is governed by size and 
focal length, as already pointed out, and it may be as well 
to indicate here the manner in which lanterns furnished 
with condensers of larger size than I have recommended 
may be made to transmit a greater amount of light by the 
inter^ osition of another lens. Tliere were at the old Poly- 
technic Institution some antique lanterns with 10-in. con- 
densers, this l.irge size being necessary to cover the 8-in. 
hand-painted transparencies which were in use before 
photography worked a revolution in such things. Such a 
large condenser, o£ course, meant a great loss of light, as 
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already pointed oat. So the enggestion was made th&t a 
email lens should be lEterposed between the light and the 
condenser. This was done with a wonderful gain in the 
performance of the old lanterns. Fig. 14 will show how 




ihe additional lens brought this improvement abont. Manj 
oHior forms of condensing lenses hivve from time to time 
been suggested and exjwriraented with, some of these em- 
ploying three or more combinations. But these various 
patterns, although one or two of them seem very promising 
in form, have not been taken in hand by makers generally, 
— possibly on the score of esjiense, and probably owing as 
much to that hesitation and laziness common to human 
nature, which keeps us all to a well-beaten track. 

But a few years ago the question of lantern lenses was 
revived by a paper read by the Lite Mr. J. H. Dallmeyer 
before the Photographic Society of Great Britain. The 
reader of thu excellent contribution to the subject, explained 
in the first instance that a well-known worker with the 
lantern h:id called his attention to the great wi^nt of more 
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perfect lenses for use with the instrument. Mr. Dalhneyer 
thereupon determined to tackle the subject, and produced 
new forms of condensers and objectives, a description of 
which he placed before the Photographic Sodety. I csan- 
not do better than quote the description of the new con. 
denser from this paper, and at the same time reproduce 
one of the drawings shown in illnstration of the remarks 
made (see fig. 13) : — 




The condenser is of 4-in. effective diameter, and 2J- 
in. equivalent focal length. Assuming the light to be at 
& joA distance of 2^ in. from the flat surface of the fire! 
lens, this condenser collects an angular pencil of aboui 
66°, i.e., about 20 per cent, more light than the shortest 
focus symmetrical. It consists of two unsymmetricaj 
lenses, A and B. A is a plano-convei of flint S\ 
diameter, and B is a double convex of crown glass of 4-in, 
. diameter. The lenses are mounted at a certain distance 
apart, with their deep sides facing each other. Approxi 
mate correction of chromatic aberration for centrical pencils 
is obtained by a proper apportioning of their focal lengths, 
and the distance at which they are placed. Thus : n>'y 
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L R, alter refraction by lens A, diverges into a prismatic 
beam ; this falls upon different parts of lens B, which, 
while acting npon the two extremes, — the red and the 
violet, — in contrary directions to A, causes them to emerge 
parallel, the condition of achromatism, when they converge 
to the conjugate focus y, about 9 in. removed from B. The 
spherical aberration is reduced to a minimum by the forms 
of the lenses employed, i.e., ray Lr, refracted by the central 
portions of the lenses, meets the axis at the same point y^ 
Eis the marginal rays, or nearly so. I have decided upon a 
4-in. (effective) diameter condenser, since it fully illumi- 
nates the corners of a 2|-in. square slide. Of course, a 
circular slide of 3 in. only requires a 3^in. diameter con- 
denser, of proportionately shorter focal length. I need 
hardly say that the glass composing this condenser has 
been selected with esp cial care. It is perfectly limpid, or 
colourless, and will remain so ; it is free from strife and air 
bubbles, and has a perfect polish. In fact, it is Chance's 
best glass ; the only drawback being its cost." 

Mr. Dallmeyer goes on to remark that the defects in the 
glass of a lantern condenser, are of far more importance than 
similar defects in the objective, so far as purity and quality 
of the illuminated disc are concerned. He refers to such 
defects j'.s scratches, air-bubbles, and the like. In the case 
of an air-bubble in the objective lens, it is really of no 
moment whatever. I have known of a photographic lens, 
otherwise of splendid quality, being rejected beca,use of 
a tiny air-bubble near its margin, the purchaser being quite 
content to exchange it for a far inferior lens without such 
an insignificant blemish. Such a bubble would have no 
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effect whatever upon the performance of the lens, whether 
used with a camera, or as a lantern objective, supposing it 
to be suitable to lantern work in other respects. But 
transfer the bubble from the objective to the condenser, and 
it at once constitutes a real eyesore, which will be terribly 
magnified on the screen. For this reason lantern owners 
should take the greatest care to prevent their condensers 
becoming scratched, for a mark hardly visible on the glass 
will become fatally apparent on the screen. 

It will be seen, from what has gone before, that the duty 
of the condensing lens is to take up and utilise as large a 
bundle of light rays as is practicable, and with those rays to 
brightly illuminate the whole of the picture or slide placed 
against it. The other part of the optical system of the 
lantern is the objective lens, which is destined to 
form a magnified image of that picture or slide. To this 
important part of the apparatus I must now turn the 
reader's attention. 

As the duty of the condenser is to give the greatest 
amount of illumination to the lantern picture or slide, so 
the province of the objective lens is to form as perfect as 
possible a magnified image of that picture upon the screen 
or sheet placed for its reception. Toy lanterns are fre- 
quently fitted with a doub'e convex, the worst form of all, 
or with a plain convex lens, which is little better. With 
regard to lanterns of more pretension, we find that different 
makers adopt different forms and combinations for their 
objectives. Some use a couple of plano-convex achromrtic 
lenses, in conjunction with a stop or diaphragm, the fijit 
sides of the lenses being next the light ; a very 
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good form indeed, provided that the lenses are of suflBcient 
diameter fco take in the entire cone of rays from the con- 
denser. This has always been a stumbling-block in 
adjusting lenses of short focus to the lantern, for it stands 
to reason that the shorter the focus the nearer must the 
lens be to the condenser, and if the diameter of the 
lens be small a large proportion of the rays will not get 
through at all. 

And this question of focus of the objective is one that 
must be carefully considered by all who use a lantern. 
Many are of the opinion that the focal length of the objec- 
tive used should be so short that the distance of the 
lantern from the screen should be about the same as the 
diameter of that screen. In private rooms of small size 
this may be necessary, if not advantageous, but in larger 
rooms or lecture-halls a lens which will triple or quadruple 
that distance is desirable. Much experience of lecture- 
hall work has led me to the conclusion that a lens of 8-inch 
focus is more useful as a lantern objective than any other, 
and it is as well to have one of 10 inches in reserve in 
sase the length of the hall should require it. Let me give 
my reasons for this choice. I find that the size of sheet 
most commonly required in rooms used for lecture pur- 
poses is 15 feet. Some rooms will take an 18-foot sheet, and 
very few take a larger one than that. But the 15 -foot screen 
is the one most in request. Now let us suppose the operator 
has fitted to his lantern an objective of say 4J-inch focus. 
To cover his 15-foot screen he must plant his lantern less 
than 20 feet from it, a distance which will land him in 
bhe middle of the front seats. His apparatus will 
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in snch a case terribly impede the view of all those 
behind the lantern, besides causing much disarrange- 
ment of chairs. But let him use an 8-inch objective, 
and his lantern can he carried to a distance of 
35 feet from the screen. This will probably place the 
lantern quite at the back of the hall. Another point in 
favour of the latter position is, that if his two lenses are of 
the same diameter, as most probably they will be, the long, 
focus lens will admit more light, as already explain ei ; 
while it will certainly give better definition and less dis- 
tortion than the shorter focus lens. One more circum- 
stance in favour of the longer focus lens is, that the lantern 
is kept more horizontal. When the instrument is close to 
the screen, unless the floor of the auditorium be inclined, 
as in a proper lecture-theatre, the lantern must be very 
much tipped up at its fore-end, so that the disc on the sheet 
shall be high enough. This raising of the lantern, of 
course, leads to distortion, unless the screen be inclined 
towards the lens so as to compromise the matter. With a 
long-focus lens the distortion from this cause is greatly 
reduced, and very often it is so slight that there is no need 
to incline the sheet. I hold the opinion that a good single 
achromatic lens of long focus is by no means to be despised 
for lantern work, although a half -plate lens of the portrait 
type is to be preferred. Such a lens can only be used for 
the long-distance work. If it is absolutely necessary that 
the lantern be as near the sheet as possible, then it is com- 
monly the fashion to use a French quarter-plate photographic 
lens, — I presume on account of its cheapness. For it is 
most difficult to select a lens of this description which will 
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give a flat field, and the ordinary diameter of the back lens 
of such a combination will not admit the whole of the 
rays from the condenser: hence we are robbed of light, 
and very often of the comers of square pictures into the 
bargain. 

Of late years makers have seen these disadvantages, and 
have produced lantern objectives which, while they are 
similar in construction to portrait objectives, are made with 
much larger apertures at the back. Taking Mr. Dallmeyer's 
lantern objective as the prototype of these, we find that it 
consists, like the portrait lens, of two combinations. The 
back one, next the light, is a convexo-conciave of flint, and 
another of crown glass, separated by a short interval, the 
two glasses being dissimilar in their curvature. The 
external form of this combination is a meniscus, its convex 
surface being next the condenser. The front combination, 
of smiiller diameter, also has the external meniscus form, 
but consists, Hac its fellow, of two glasses. 

It must be noted that objectives made for lantern work 
are not suitjible for photography, for the visual and chemical 
rays are not coincident. I mention this for the sake of 
tlibse who wish to use the lantern as an aid to their photo- 
gniphic pursuits, in enlarging and so on. It may, therefore, 
bo in some cases desirable for the purchaser to obtain a 
half -plate portrait lens for his lantern. It will do excellent 
work, with the limittition already referred to, while at the 
same time it can be used either for portraiture or for 
enlarging. For both these uses it is well adapted. 

The rule for caleuliiting the distiince of the lantern from 
the screen in order to obtiiin an image of a given size will 
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be found on pige 95, bat in practice I find it (i convenient 
thing to nae a tsipe measure. Upon the circular case uf 
this meaanre I have certnin iicrarcs to the eSect that sach 
and euch a lens reqnires a distance of bo many feet to give 
a 16 or 18 foot disc. The place of tlie ijheet having been 
decided upon, it is then easy enougli to paj oat the 
required amount of tape, and to fix the position of the 
htntern. 




CHAPTER III. 



OXYGEN GAS MAKING. 




[HE first requisite for the lime-light is an fideqiiate 
quantity of oxygen gas, and this chapter will, 
therefore, be devoted to the details of its manu- 
facture, or rather its separation from those substances with 
which, in nature, it is associated. For, although the most 
abundant of all the elements, oxygen does not occur in 
the uncombined state, and, therefore, the chemist has to 
be at the pains of sep:iriiting it from its various yoke- 
fellows. There are several methods of obtsiining this gas ; 
the greater number of which, being only of experimental 
interest, may be passed over. 

The gjis was originally discovered by Priestley in 1774, 
and at about the same time, independently, by the Swedish 
chemist, Scheele. Priestley obtiiined it by heating mer- 
curic oxide in a flask, which substance, under such treat- 
ment, breaks up into mercury vapour and oxygen gas. 
Such a method is clearly out of the question, when several 
feet of gas are required for the lime light. 

Another method, which is applicable when large quan- 
tities of oxygen are wanted, and which has long been 
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adopted on a commercial scale, depends upon the action of 
cobalt on bleaching powder (Calcic hypochlorite). The 
lime mnst be in the form of a concentrated solution, and 
this is best brought about by mixing, say, one pound of 
bleaching powder, which is commonly called chloride of 
lime, with a quart of water. Stir this mixture and allow 
it to remain for an hour. Now decant the clear liquid, 
and pour it upon a fresh pound of lime — stir as before, 
and strain the product through a calico or flannel bag. 
Place the liquid in a large bottle, to the cork of which 
a tube id fitted. Now drop into the liquid, taking the 
cork out for the time being, a small quantity (say 2 ounces) 
of a strong solution of cobaltic peroxide, when oxygen gas 
will be quickly evolved, and will come off through the 
replaced tube. The evolution of gasv is increased by 
warmth. The same cobalt can be used again and again, as 
it does not undergo any permanent change. It seems to 
act merely as a conveyer of oxygen, taking it from the 
lime, passing it to a higher state of oxidation, and then 
giving it up again ; any solution of cobalt will answer the 
purpose. When the gas ceases to come, the residue in the 
bottle should be diluted with water, and, after having been 
allowed to rest for some time, the cobalt will settle at the 
bottom of the vessel. This can then be washed, kept in a 
moist state, and used over again as often as required. 

But the more general method of preparing the gas is by 
means of the decomposition of potassic chlorate, and 
that method I shall now, therefore, describe in detail. 

The lime-light has, in certain quarters, earned the cha- 
racter of being dangerous, not so much from accidents 
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which have occurred during its nse, bnt more from certain 
catastrophes which have taken place during the preli- 
minary operation of making oxygen gas. There should be 
no danger whatever about this opei-ation if only ordinary 
precautions are tjiken. But some people seem to be unable 
to do things except in a haphazard manner, and they 
sooner or later pay the penalty for their carelessness. 

The most important point to begin with is to have 
proper apparatus ; and by this I do not mean the most ex- 
pensive, for this is just as often as not faulty in point of 




Fig. 16. 



construction. The articles required are : A retort in 
^hich to generate the gas ; a stove for heating that retort 
p,.A4JATHjblv a gas ring-burner) ; a wash bottle, or purifier ; 
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several feet of good rubber tubing ; and a bag to hold the 
gas when made. The retort which I prefer is Oakley's 
pattern, and is made of wrought iron, brazed and rivetted 
together^ and of the form shown in the accompanying 
sketch, fig. 16. It will be noticed that it is of conical form, 
and that its lower part, where it rests on the stove, is con- 
vex in shape. It terminates at the mouth with a brass 
screw, and in this screw fits a branch, or pipe, which con- 
veys the gas away as fast as it is generated. An important 
point in this branch is the arched bend, immediately over 
the retort, which obviates undue fiiction, and also prevents 
any solid particles given off from the retort clogging or 
stopping up the tube. With that provision one element 
of danger is avoided. Another point of importance is the 
little upright tube, or nozzle, immediately above that same 
bend. This is merely a short piece of tubing fixed on to 
the branch, and in which a cork can be fitted. This acts 
as a simple safety-valve. Should the pressure of gas 
become too great, the cork will fly out and no damage can 
possibly occur, except the loss of a very small quantity 
of gas. 

There are various other forms of retort which are used 
and i*ecommended by different operators. A cast-iron one 
is, of course, more lasting ; but in case of accidental explo- 
sion, its particles would be as deadly as those of a bomb- 
shell. But such an explosion should never occur, if 
ordinary care be taken. With some persons, familiarity 
with the most dangerous agents so rapidly breeds con- 
tempt, that they get careless in a very short time. We 
may suppose that this happened in the case of an optician, 

1 
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who some years ago was killed by such an explosion of soi 
oxygen retort. 

Many old-fashioned operators use an iron mercury 
bottle as a retort, and this, I believe, was the invariable 
custom when oxygen was procured from manganese per- 
oxide alone. The heat required was so great that a thick 
and lasting receptacle was necessary. But now-aniays, 
when chlorate is used so universally, the gas comes off at a 
much-reduced temperature, and a thin retort will last, with 
care, for about fifty charges. My lantern assistant prefers 
to use a kitchen digester, which he has had fitted with 
a pipe and safety cap, and which he regards as a triumph 
of art, which will not only last his own life-time, but will 
be handed down to his descendants as an heir-loom. One 
more woi-d on the subject of retorts. Do not buy a copper 
one ; it is very expensive, and quickly wears out, and has 
no advantages whatever. In case a retort should be 
wanted in a hurry, and cannot be obtained, a common 
cast iron kettle is a capital substitute for one. Put the 
chlorate mixture in the kettle, and fasten on the lid with 
a luting of white lead or clay ; cut a piece of firewood 
to the correct size, to fit tightly between the lid and 
the inside of the handle of the kettle, so that no pressure 
will force it open. Use the spout as a delivery tube of the 
gas. 

The retort is charged with a mixture of chlorate of potash 
and oxide of manganese, and the most usual proportions 
are four parts by weight of the potash to one part of the 
manganese. 

This is the mixture as given in the various chemical text- 
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books ; but, as a matter of fact, the exact proportion is not 
of very great consequence. Indeed, it would seem that if 
the crystals of potash have mixed with them just sufficient 
of the black manganese to dirty them well, the mixture 
will be effective. 

Oxygen gas can be generated from the chlorate alone, 
but the action is so uncertain that the salt is always mixed 
with manganese, oxide of iron, or sand. What action the 
manganese has upon the mixture is not known, for it is 
a curious fact that, after the operation is over, it remains 
unchanged, so that it is possible, if one cared to take the 
trouble, to preserve it and use it over and over again. 
Where manganese is difficult to obtain, this method may 
be adopted, but in most towns it can be procured at such 
a cheap rate that such a course would simply represent a 
waste of time and trouble. 

The greatest care should be exercised in procuring both 
components of the oxygen mixture in an unadulterated 
state. The ordinary commercial chlorate is quite good 
enough for the purpose, and although it has the disadvan- 
tage of being contaminated with a certain amount of free 
chlorine which is given off in gas-making, it would be 
a useless expense to employ the pure salt, as used for 
medicinal purposes. Moreover, the chlorine can be got rid 
of, as we shall presently see, by simple means. But in 
most samples of commercial chlorate there are to be found 
certain foreign bodies, such as bits of straw, bits of wood 
(from the casks in which the chlorate is originally sold), 
and other, specimens of matter in the wrong place, which 
would be prejudicial to the operation of gas-making, and, 

d2 
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indeed, daDgerous ; for carbonaceous material, when mixed 
with the chlorate, constitntes a very powerfal explosive. 
(As an instance of this, I may mention that in the greatest 
explosion of modem times, when thousands of tons of 
explosive material were fired for the purpose of destroying 
the *' Hell-Gate Rock" at the entrance of New York 
Harbonr, a lai^e proportion of the chemicals employed 
consisted of chlorate of potash combined with ooal-dnst.) 
Before mixing the ingredients together, therefore, the 
crystals of potash should be carefully picked over by hand, 
and any unconsidered trifles which have no business to be 
present should be carefully extracted from it. A little care 
is also necessary with regard to the manganese. Accidents 
have happened from lampblack, bone-dust, and other similar 
a)mp>unds, having been substituted (let us hope by acci- 
dent) for the manganese that was intended to be used. In 
buying fresh samples, therefore, of manganese, it should 
be carefully tested, and the best way of doing this is to mix 
up a small quantity of the p:>t ish and the manganese in 
the propf)rtions above given, and to put them in a test 
tube, which should be held over the flame of a spirit lamp. 
If the mixture simply sparkles while oxygen gas is given 
off at the mouth of the tube (as may be tested by the spark 
on a blown-out match), the mixture is safe ; but if any- 
thing in the least resembling an explosion should take place, 
the manganese is wrong, and must be rejected. But the 
operator is not liable to fall into the error of mistaking 
lampblack or bone-dust for manganese, because they are, 
bulk for bulk, so very much lighter than that heayy 
earth. 



THE BOOK OF THE LANTERN. 



37 



The mixture having been made, enough of it must be 
placed in the retort to give the amount of gas which we 
require. It will be found that if we allow one pound of 
chlorate to every 4 feet of gas, it will be about right. 
Roughly speaking, a bag of 8 feet capacity, — a very useful 
size, — will take 2| lb. of the mixture, and it is better to 
waste a little chlorate than to have a bag which is not 
quite full. Having charged the retort with the mixture, 
"we can screw on the delivery branch, taking care to insert 
a washer of leather or asbestos cloth, to prevent any escape 
of gas between branch and retort. 

In using a new retort, it is always well to blow 
into it while the branch is fixed in position, so as to be 
quite sure that there is no leak in the joints which has 
escaped the maker's attention. Should a 
leak be discovered, a little white lead will T\\ 
remedy it for the time being. The retort 
may now be placed on the gas-stove, while 
its branch rests upon a chair or other 
support. A tube at least 4 feet long, and 
of a diameter agreeing with that of the 
branch of the retort, should be drawn 
over that branch for about 2 inches. The 
other end of this tube is to be connected 
with the wash-bottle. 

The kind of wash bottle which I 
use, and which I can recommend very 
highly, is also made by Oakley & Co. 
of Bermondsey (fig. 17). It is of half a gallon 
capacity, and is in reality a glass " Winchester quart " 
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botde with a wide neck, snch ae can be oUained anywhere. 
Upon this neck fita a disc of lead, perforated with two holes, 
in which are soldered as fixtures two pewter tnbes which 
bend awaj from one another at their tops. 

One tnbe, A, reaclies nearly to the bottom of the bottle, 
and it will be seen that for several inches along its lower 
part it is perforated with holes. It is this tube which ia 
connected by a rubber pipe to the retort. The dotted 
line shows the height to which the bottle must he filled 
with water. The short tube, B, ia the dehvery tube ot 
the bottle, and is counected with the gas h^. As a gas- 
tight connexion between the pewter disc and the bottle, 




there ia a thick rubber collar, which is tied on the hotUe 
by means of m piece of strong twine. Tlie larger sectional 
diagram of the bottle neck (see fi^. 18) will assist the 
reader in noting the arrangenieuta described. In order to 
prevent any chance of water being thrown up into the gas 
Utg, it is as well to place the b^ on a table. Let as snp* 
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pose that this has been done, and that everything is read^ 
for making the gas. 

The stove should be lighted and turned down almost to 
its lowest point, for it is as well to begin with a small 
amount of heat, although I believe that it is the practice 
of some workers to begin with a full heat, and to turn the 
supply down when gas commences to come off. The tube 
is joined to the retort and to the wash bottle ; but the 
tube joined to the delivery end of the bottle is for the 
present left free at its other end. After an interval of 
about five or six minutes, the water in the wash bottle 
should show by its bubbling that the gas is being generated, 
but those bubbles are not as yet pure gas, but are partly 
air which has been contained in the retort, and which is 
expanded and driven out by the heat. We must wait 
some time longer, until these bubbles are given off 
with regularity, before attempting to fasten tho open 
tube to the gas bag ; and before doing so it is as 'WeO 
to apply the test of the blown-out match to the free end of 
the rubber tube. If the spark on the match bursts into 
flame directly it is applied to the tube, we may be sure that 
gas is coming off in earnest, and we can by a dexterous 
movement fasten the tube on the tap of the gas bag, at tho 
same time turning on that tap. 

Everything should now go on with regularity and with- 
out attention, until the bag is nearly half full. During 
this time it may be noticed that the tube leading from the 
retort will emit a kind of bubbling noise. This is due to 
water lodging there which comes from the crystjils of 
potash in the retortw ^^ simply lifting this tube up, and 
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by giving it a gentle pinch — for half a second — the sadden 
outrush of gas into the wash bottle will drive off any water 
thiit has settled there. When the bag is half full there is 
generally a lull in the operation, and no bubbles are seen 
to agitate the water in the wash bottle ; and this opportunity 
may be taken for turning on a little more gas, but not 
much more, for presently the oxygen will run off with 
redoubled vehemence, and if too much flame is applied to 
the retort the pressure may become too great for the con- 
nexions, or the cork of the safety valve may fly out. By 
governing the amount of gas supplied to the stove, the 
emission of oxygen can be very carefully regulated. (This 
regulation becomes still easier if a certain amount of 
common salt be added to the gas mixture in the retort. 
This should bo done just before the retort is charged. The 
proportions are as follows : — 

Chlorate of potash 
Manganese 
Common s:ilfc ... 

all by weight. When common salt is thus added to the 
gas mixture, the chlorate should be powdered.) 

When the gas bag is full and '' as tight as a drum," the 
various parts of the apparatus used in making the gas 
must be disconnected, and here some caution is necessary. 
The first thing to do is to pull the tube from the gas bag 
and turn off the tap at the same instant. Next remove 
the tube from the retort, and last of all turn off the gas 
supply from the stove. Why I say that caution is necessary 
here, is, because if the gas is turned off before the retort is 
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disconnected from the wash bottle, the water in the latter 
may rush back into the retort and cause a small steam 
explosion. 

This has certainly never happened to me; but I have 
heard of cases where such a thing has occurred, and 
although it woilld probably be unattended by any serious 
results, it might lead to a great deal of mess and 
trouble. 

The retort may be left, until it has become nearly cold, 
or at any rate until it is cool enough to be handled. The 
bnmch pipe should then be unscrewed, and the retort at 
once washed out with water — warm water by preference. 
This should be thoroughly done, and many changes of water 
should be used, until the last wash water comes away per- 
fectly clean. If the retort is left with the residue of the gas 
mixture in it, the metal inside is very quickly corroded, and 
the vessel does not last half so long as it does if it be at 
once carefully washed. The branch and the india-rubber 
connecting tubes should be washed out also. 

I have mentioned that the commercial chlorate of potash 
is contaminated with a certain amount of free chlorine. This 
soon renders itself evident if the operator places his nose 
near the delivery tube from the wash bottle when the gas 
is coming off; for chlorine gas has a suffocating odour. 
This is not the only disadvantage which it has in gas 
making for lantern purposes, for it so acts upon the india- 
rubber bag and the attached brass work that it quickly 
leads to deterioration. By placing in the wash bottle 
water something which will seize hold of this chlorine and 
detain it, we shall avoid this last difficulty, and the 



42 THE BOOK OF THE LANTEBK. 

best snbstance for the purpose is canstic soda, or 
potash. Failing this, common washing soda will answer 
nearly as well. Caustic soda is rather an awkward thing 
to travel about with, for it is of a most corrosive nature ; 
but it should be used in preference to anything else, when 
gas is made at home. Fragments of disused lime cylinders 
will also answer well. 

To show that the chlorine is actually taken up by the 
bag and its belongings, I may mention that if the experi- 
ment be tried it will be found that the gas when first made, 
although highly charged with chlorine and inducing 
coughing and other unpleasant sensations if inhaled, may, 
after having been left in the bag for an hour qr two, be 
breathed without any ill effect. 

Mr. Fleuss, whose diving and life-saving apparatus de- 
pends in a great measure upon a supply of compressed 
oxygen gas, called my attention to the above fact, and told 
me that he had used gas for breathing purposes which had 
been freed of ifcs chlorine by remaining in the gas bag for 
some hours as I have just explained. 

I may mention that the residue left in the retort — and 
which I have recommended, should be washed out without 
delay,— consists of chloride of potash, and the manganese ; 
the latter quite unaltered. It may be useful to point out 
that the difference between the chlorate and the chloride is 
easily seen by examining the crystals of each under a 
microscope. If a little chlorate mingled with water is 
placed on a slip of glass, and allowed to evaporate, the 
crystals will have a rhombic form (see A, fig. 19). But if, on 
the other hand, a solution of chloride of potash be examined 
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in the same manner, they will be found to be square in out- 
line, as in B. Should it be desired to use the manganese 
over again, it must be freed from the chloride by repeated 




Fig. 19. 



changes of water. It will thus be dissolved out, while the 
manganese remains behind in the form of black mud. 
This latter must be dried before being again employed in 
the retort. 

The operation of oxygen gas making is now with many 
lanternists a thing of the past, for they prefer to buy it 
ready made. For many years this gas has been supplied, 
by one or two makers, compressed in iron or steel 
cylinders. But the price, eightpence per foot, was too 
high to induce consumers to relinquish the custom of 
making it themselves. Of recent months, however, the 
gas has been supplied at half that price, with the result that 
many prefer to buy it rather than make it themselves. 
The manufacture of oxygen gns therefore represents "A 
carious new industry," and under that title I described it a 
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short time ago in an article in " Chambers's Journal." From 
that article I will now give the following extract : — 

" Any manual of chemistry will inform us that oxygen 
is the most widely-diffused element in nature. It enters 
into the composition of air, of water ; it is found in nearly 
all earths and rocks; and forms more than one-half of 
animal and pLiiit life. In fact it is not too much to say 
that oxygen forms one-half of the globe and its belongings ; 
but of course it is combined with other elements. Chemists 
can tell us of a dozen different methods of isolating this 
gas ; but the one most usually adopted is to subject a salt of 
potash (potassic chlorate), which is extremely rich in 
•x^^gen, to heat in a retort, when it quickly parts with that 
gas, which can be collected in a suitable containing vessel 
for use. To show the extent to which fchis salt is used for the 
production of oxygen, we may mention that we were lately 
informed by a London dealer that he sold yearly one 
hundred tonsof potissic chlorate, and that he had reason to 
believe that it was no irly all used for the production of gas. 
This quantity of the salt would afford, roughly speaking, 
nine hundred thousand cubic feet of oxygen, and we must 
not forget that this is the amount dispensed through one 
dealer only. The natural question which arises as to what 
purj>oses this gas is applied, we shall deal with presently. 
We have preferred to show, first, that there is an enormous 
demand for oxygen, so that the importance of a new 
industry for protlucing it may be at once appreciated. 

" Oxygen forms one-fifth of the air which we breathcj the 
other four-fifths consisting of an inert gas called nitrogen. 
And it is imjX)rtant that we should remember that the 
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mixture of these two gases is a strictly mechanical, not a 
chemical one. What we mean is this. If it were possible 
by any means to make visible and magnify the particles of 
air, we should be able to distinguish the atoms of oxygen 
and of nitrogen side by side, but in the proportion of one 
to four. It might be compared to a mixture of pepper and 
salt, which, although it looks gray to the unaided sight, 
would, under the microscope, show plainly the independent 
graius of both constitutents. (It is curious to note that a 
chemical mixture of the two gases, in which their atoms 
combine to form a new compound, produces that useful 
anaesthetic, nitrous oxide — laughing gas.) It has long 
been the dream of chemists that oxygen might be produced 
direct from the atmosphere by separating its atoms from 
the atoms of nitrogen with which it is associated but not 
combined. Indeed, a plan by which this could be accom- 
plished has long been known, but it happens to be one of 
those numerous methovls, which in theory are perfect, but 
which when reduced to praotice are found to be encumbered 
by various difficulties. But as a new industry is founded 
upon the process referred to, and its success has been 
assured by a patient conquest of the numerous practical 
difficulties associated with it, we cannot do better than 
describe it. 

" It was long ago demonstrated by Boussingault that when 
the substance called baryta, otherwise the oxide of barium, 
was heated to a low redness, it would absorb oxygen from 
air submitted to it. He further showed that if this com- 
pound were then raised to a higher temperature, the 
oxygen thus absorbed would be given ofE once more, and the 
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barjta would be restored to its former condition, ready 
for a repetition of the action. It would thus seem that 
there was at hand a process for obtaining from the atmo- 
sphere an endless supply of its essence, so to speak. But, 
as we have before hinted, theory and practice are two 
different things. The process would not work on a com- 
mercial scale. All went well at first ; but for some reason 
or other, the baryta lost its power of recovery, and would 
not repeat its office of absorbing oxygen. 

" A few years ago, two of M. Boussingault's pupils, Messrs. 
A. and L. Brin, resolved to carry through a series of ex- 
periments to find out, if possible, why in this case, practice 
would not endorse theory. They soon found that the reason 
why the baryta lost its power of absorbing oxygen was due 
to certain molecular changes, which ceased to occur if 
the air supplied was absolutely free from impurities, and if 
the heat employed for reducing the baryta to its first 
condition were kept within certain limits. They further 
found that the necessary temperature might be much 
reduced if the material were heated in a partial vacuum. 
Another advantage was found in supplying the air under 
pressure, in which case the absorption of oxygen from 
it was much increased. These new conditions were speedily 
realised in apparatus which was erected in Paris, and which 
for three years yielded oxygen of the purest description 
without any renewal of the baryta with which the retorts 
were charged at the commencement of operations ; and this 
apparatus was exhibited at the Inventions Exhibition at 
South Kensington a few years ago. 

" The process having thus been shown to bg workable, the 
inevitable Compiiny was formed ; and oxygen can now be 
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obtained in any quantity at a cheap rate by any one who 
requires it. Brin's Oxygen Company has established ex- 
tensive works at Westminster, where, by a system of 
retorts and air-pumps, the business of abstracting oxygen 
from the air is continuously carried on. The gas is carried 
to a holder, in which it is stored ; and •is drawn from that 
holder and compressed in steel cylinders for the use of the 
Company's customers. These cylinders are so strong, that 
one having the capacity of little more than a cubic foot of 
gas will hold forty feet when that gas is compres; ed within it. 
These bottles, placed in wooden cases, are now sent over 
the kingdom by rail and carrier." 

The gas is of the utmost purity, and is largely used for 
charging water for drinking purposes, as a remedy for 
certain diseases. 

The following table gives the sizes of the cylinders 
supplied, together with their length and weight : — 



Solid Drawn Steel Cylinders Charged to 120 

Atmospheres. 



Cubio 


Diameter 


Length 


Weight, 


Gontents in 


m 


in 


case 


feet. 


inches. 


inches. 


inolnded. 


3 


3 


7 


6Jlb. 


6 


H 


11 


9 „ 


12 


4 


20 


15 „ 


40 


H 


30 


43 „ 


80 


4 


60 


72 „ 


100 


4 


78 


84 „ 
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Low Pbbssobe Cylinders Charged to 10 Athosphekes 


Cab. ooutente^ Dmmeier. 


Length. 


Weight. 


10 ft. 10 in. 
14 „ 10 „ 


20 in. 
■ 36 „ 


391b. 
68 „ 



Each cylinder is fitted with a tap to regnlate the flow 
of gas, which tap has a nipple over which the rubber 
tubing can readily be drawn. The 
advantage of using a bottle instead of 
a bag in the one point of bulk is re- 
markable, as may be seen by the s.bove 
table. Thus, six cubic feet, which will 
be sufficient for an honr and a halfs 
entertainment, is contained in a re- 
ceptacle about the size of a champsgna 
bottle, and which can be placed in 
the empty lantem-boz during use. 
The amount of gae in a bottle can be 
readily ascertained by the nse of ft 
proper pressure gauge. In fig. 20 one 
-. of these cylinders is shown with the 
regulator and pressure gauge attached. 
The latter is of the form commonly 
used on steam engines, and is known 
M Bourdon's pressure gauge. It depends for its efficiency 
on the action of internal pressure upon a curved tube of 
oval section. The greater the pressure the straighter the 
tube becomes, and this movement is communicated by 
simple gearing to the index-finger. The following table 
will be found useful to those who employ compressed gas : — 
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Table showing the amount op gas in various-sized 

CYLINDERS, AS SHOWN BY GAUGE. ThE GAUGE INDI- 
CATION IS IN LARGE TYPE, AND THE CORRESPONDING 
AMOUNT OF GAS IN SMALLER TYPE. 



CAPACITY OF BOTTLES. 



1 

3 ft. 


6 ft. 


12 ft. 


40 ft. 


80 ft. 


100 ft. 


ft. 

1800-3 


ft. 
1800-6 


ft. 

1810-12 


ft. 

1800-40 


ft. 

— 80 


ft. 
— 100 


1500-2^ 


1500-5 


1650—11 


1710-38 


— 76 


— 95 


1200-2 


1200-4 


1500-10 


1620—36 


— 72 


— 90 


900-li 


900-3 


1350-9 


1530-34 


— 68 


— 85 


600-1 


600-2 


1200- 8 


1440-32 


64 


— 80 


300-Oi 


300-1 


1050- 7 


1350-30 


— 60 


— 75 






900- 6 


1260-28 


56 


— 70 






750- 5 


1170-26 


52 


-• 65 






600-4 


1080-24 


— 48 


— 60 






450- 3 


990-22 


44 


— 55 






300-2 


900 -20 


40 


— 50 






150-1 


810-18 


— 36 


— 45 








720-16 


— 32 


— 40 








630 - 14 


28 


— 35 








540 12 


— 24 


— 30 








450-10 


— 20 


— 25 




• 




360-8 


— 16 


— 20 








270— 6 


12 


— 15 








180-4 


— 8 


— 10 




• 




90-2 


— 4 


— 




CHAPTER IV. 

LIME-LIOHT JETS, BAGS, PRESSURE BOARDS, ETC. 

HERE are three forms of jets for the lime-light, 
namely, the oxy calcium, the blow-through, or 
safety form, and the mixed jet. The simplest 
of all is the first named. 

The oxycalcium jet consists of a spirit-lamp, which is 
fed from a little reservoir at the back of the lantern. The 
spirit furnishes the necessary hydrogen, and through its 
flame a jet of oxygen is passed, and impinges upon a 
cylinder of lime placed just at the other sicje of the wick. 
This lamp will well illuminate a disc of about ten feet in 
diameter with a clear, white light. It has the advantage 
of simplicity, but presents one diflBculty in the circuni- 
stance that the lantern must be kept perfectly level. If it 
is inclined backwards, the spirit cannot flow to the point of 
combustion, and if it is inclined forwards the fluid may 
flow too rapidly towards the wick. In some forms of 
oxycalcium lamp this is obviated by a special construction 
of the spirit cistern, which is furnished with an automatic 
valve for governing the supply of fluid to the wick. The 
wick will rapidly become charred if the stream of oxygen 
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I to impinge npon it; it should be ao adinsted 
that the gas just escapes touching it while ptbssing through 
its flame. This form of lamp is sometimes fitted with a 
wick of asbestos, which welt resists the greatest heat that 
can be brought against it. The oxycalcium lamp ia value 
able where no hydrc^en gaa can be obtained, and, while 
far more powerful than a mineral oil flame, can hardly be 
considered sufficiently powerful for use in a public lecture 
hall. It is used in many of the hospitals in conjunction 
with a simple form of lantern for throwing light upon 
patients during certain operations. 

Before I reached the nii'lure age of 
twelve I had made oxygen giia by I 
nearly every availiible method, and had 
used in this work sundry blacking 
bottles, ginger-beer bottles, gun-bLn-els, 
and gas-pipes, employing as gas-bi'gs 
disa.greeable bladders fresh from the 
butcher's. It is a wonder to me thiit 
I was never blown skywards, but 
blown-up in a flgurative sense I often 
was. It is now my turn to assume the 
position of "stern parent," but in doing 
so I soften towards the juvenile i 
memory of my o 

i descriptiou of 
my first lime-Ught jet, made at 
the coat of a few pence, of two ^"'' 2l> 

gasfittera' blowpipes, will answer the purpose better than 
anything else, of demonstrating the principle of the ordi- 
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narj blow-through, or safety jet, which, on the whole, is 
the best form of burner for amateurs to adopt (see 
fig. 21). 

A is a piece of wood rounded off at one side of its upper 
end, as shown, so as to accommodi^te its form to the bent 
Mow-pipe, which is marked O, for this pipe is the conveyer 
of the oxygen. This is fixed in position by loops of wire, 
passing through holes in the wooden support. Upon 
the other side of this support is bound in like manner 
another blow-pipe, which has its fine nozzle cut off. This is 
marked H, for hydrogen, and is connected when in use, 
by means of an india-rubber tube, to the house-gas supply. 
The upper points of these two pipes are so adjusted that 
the oxygen gas will blow through the flame from the H 
pipe, on to the lime cylinder L. A jet formed on this 
princii)le has the word "safety" linked to it, because the 
two gases aie kept quite separate until they meet at the 
point of com bustion. Singly, they are innocent of harm ; 
but mixed, except under certain precautions, as we shall 
presently see, they form an explosive compound second 
only to gunpowder. 

To say that the iirrangement thus described and illus- 
trated is anything but faulty in construction would be 
absurd, but 1 will say that there are many jets sold of 
far more pretension which give no better light, and cost 
as many florins as this one does pence. But as I haye 
said, I have described it as a ready means of explaining the 
principle of the blt)w-through jet. I have tried many 
ditlerent patterns of jets, and have selected the one illuB- 
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trated at fig. 22 as being by far the most perfect of any of 
the blow-through type. 




Fig. 22. 



In selecting such a jet the buyer should be careful to 
see that the orifice of the pipe is sunk within that which 




supplies the hydrogen, as shown at M. In many jets the 
two pipes are brought to the same level, but the form I 
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illustrate gives a much better light, probably because the 
two gases are better mixed before reaching the lime. L is 
the pin upon which the bored lime cylinder rests, and it 
can be moved to or from the jet by means of the shifting 
screw S. K is a rod which extends outside the lantern, 
and which is for the purpose of turning the lime cylinder. 
The form shown is one commonly met with, and it consists 
of a rod connected with a bent spiral of wire. I have 
long ago discarded this arrangement, as it works by fitful 
starts, and jerks the lime round instead of moving it by 
degrees. The form of lime-turner attached to the jet 
shown at fig. 23 is the one to select. 

This form is known as the mixed jet, by which the most 
powerful form of lime-light is obtainable, but, as already 
pointed out, it is not so suitable as the one before described 
for amateur use. Both gases must be under the same 
pressure, therefore two bags for O and H respectively 
must be employed, usually under the same pressure boards. 
The jet is safe enough in skilled hands, but is not so, 
unless care be taken with every detail. The two gases 
are led to the box or chamber W, where they mix, and 
impinge upon the lime through the single jet J. D repre- 
sents a recent improvement which I believe was first 
suggested by that very good authority on lantern matters, 
Mr. Lewis Wright ; it deals with the manner of turning 
the lime cylinder, so that it may not become pitted by the 
continued action of the jet upon one spot. The primitive 
plan was to open the lantern door at frequent intervals, 
and to give the hot lime a hasty touch with the finger. 
Next the lime pin was furnished with a screw which could be 
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worked outside the lantern, so that it was turned and raised 
by the same action. But, strange to say, the screw was of 
so fine a pitch, as in fig. 22, that by one revolution the 
pitted part of the lime was once more brought under the 
influence of the jet. In Mr. Wright's arrangement, which 
I have long ago adopted, the screw is a spiral, which 
during one revolution raises the lime quite a quarter of an 
inch. This plan has still further been improved upon by 
the addition of a nicked wheel, which prevents the lime 
being turned by the operator more than is necefesary for 
the time being. This addition is known as "Newton's 
Improved Check-action Lime-movement." The same firm 
of opticians have carried out a still further improve- 
ment devised by Mr. Andrew Pringle. This consists 
of what is called a " cut off," and is applicable only to 
the mixed gas jet. It gives the operator the means of 
setting his jet so that the gases are giving the best pos- 
sible light, and then by the turn of an extra tap cutting 
them off, with the exception of a small supply of the 
hydrogen which keeps burning. He can, therefore, adjust 
his lights beforehand, and feel confident that a turn of 
the tap will once more render them at their best at a 

moment's notice. 

There is certainly room for improvement in the manner 
in which lime jets generally are supported in the lantern. 
A metal tray, sliding in grooves, forms a base board, at the 
end of which is an upright rod of iron which, during use, 
projects at the back of the lantern. Upon this vertical 
rod the whole jet can be moved up or down, and can be 
clamped in position by means of a couple of screws, with 
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milled heads. The airangemeut is by no meanfi a good 
one, but it is one of those simple things which have been 
unheeded by the many, and mannfactnrerB generally hare 
adopted it withont perhaps thinking how inconvenient it is 
in practice. In the first place, the jet is apt to slip either 
downwards bodily, or to one liide or the other by a careless 
touch of the operator's hand. In either case, such a shift- 
ing of the light out of the optical axis causes the disc to be 
darkened until the jet be readjusted, which cannot be 
easily done without opening the door of the lantern and 
letting out a flood of light in the darkened room. There is, 
besides, much trouble in getting the jet central, which could 
easily be avoided by a more rational arrangement. Mr. 
Pnmphrey, of Birmingham, has devised for the purpose a 
horizontal and vertical rack motion, very like the same 
movement which is attached to the mechanical stage 
of a microscope, but it is somewhat expensive, and 





adds extra weight to the lantern. There is no doubt, 
at the same time, of its effectiveness and conTeni- 
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ence. A eimpler plan is that recently introduced by Mr. 
Steward, and showB at fig. 24. In this case a tongue of 
metal is fixed to the supply pipes of the jet, and this 
tongue hae a slot in its centre, which engages a vertical 
pin on the lautem tray. This pin is threaded so that a 
couple of discs oan firmly cLimp the metal tongue when 
the jet has been once centered. Once clamped in this 
way, the jet cannot be moved until it is released by 
onscrewing the discs. 

Another valuable improvement is represented by Wood's 
lime cylinder shield, which is shown, fitted to a jet, at 
fig. 25. It consists of a mctsil cylinder, rather larger than 




■the lime, in which the latter is free to turn. There 
is an opening in front, through which the incandescent 
lime can throw its light towards the condensing lens. 
In jets, generally, the lime is quite exposed, and unless it 
be gradually heated will often crack to pieces, by the 
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unequal expansion which it undergoes. The shield pre- 
vents this by confining the heat within a narrow area 
around it, at the same time keeping the lantern itself com- 
paratively cool. Mr. Wood tells me that there is an 
undoubted gain of light from this conservation of heat in 
and around the lime cylinder. The shield, moreover, does 
much to obviate a by no means uncommon accident, 
namely, the fracture of the valuable condenser itself from 
a flame deflected towards it from a cracked or much-pitted 
lime cylinder. 

The most general method of storing the gases required 
for the lime -light is by means of bags, which should be of 
the best quality. It is necessary to caution the beginner 
on this point, for I have known cases where a perfectly 
new bag, fresh from the maker, has been found, on trial, 
to leak badly. I cannot say that such an unpleasant cir- 
cumstance has happened to myself, for I go to a maker 
upon whom I can rely. It may possibly have been the 
fault of the operator himself, who did not take the pre- 
caution to warm the bag before use. For these bags in 
winter time — when of course they are most generally used 
— ^get stiff and hard, and if not of good quality are apt 
to crack, unless carefully warmed before use. 

The best bags are made of un vulcanised, rubber, covered 
on the outer side with twill, and on the inner side with coarse 
canvas. This rough canvas serves a double purpose — it 
gives strength to the bag and also prevents the inner sides 
sticking together when the bag is empty. After a bag has 
been in use some time, the presence of this canvas makes 
'.tself evident by a quantity of fibrous matter which 
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comes out of the jet, and which I have been gravely told 
by an ignorant operator is a deposit left by the oxygen 
gas! . 

The bag is furnished with a brass stop-cock, which is 
apt to get so stiff as to be very difficult to turn. For this 
reason the screw holding the plug of the tap should be 
undone frequently, and the plug touched with a little oil, 
vaseline, or tallow. This stiffness is due to free chlorine, 
which, as is explained in the chapter on oxygen making, 
is often present in that gas. The purchaser of a bag is of 
course to a great extent at the mercy of the trader, and 
many inferior bags are sold to the unwary. But a few 
inquiries among those who know what a good bag should 
consist of will soon inform the buyer where he can pur- 
chase one which is reliable in quality. Certainly too rigid 
an economy should not be exercised in this particular part 
of the lantern equipment. 

The gas-bags are made wedge-shaped so that they 
can be placed between sloping pressure boards fur- 
nished with weights. I have heard of careless operators 
who are content to trust to luck for finding suitable 
boards for their gas-bag, or bags, when they arrive at the 
scene of operations. This is, of course, a most repre- 
hensible proceeding. But should an exhibitor be so placed 
that he cannot obtain boards, a blackboard, such as can 
be found in any schoolroom, can be used for the purpose, 
provided that it is fastened by staples to the floor. It 
must also have a shelJ at the other end, on its upper side, 
against which the weights can rest. This is but a make- 
shifty and one which should only be resorted to in an 
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emei^ncy. In some of tny experimeatal iBCtnres, where 
I require a lime-light for occasional use on the plat- 




form, I carry with me a small hag holding only three feet 
of gfis, and a specijil foi-m of pressure board which I have 
designed for the pui-pose. It consists simply of two pieces 
of inch board, oa«h pierced on one edge with corresponding 
Centre-bit holes tliree-quarters of an inch in diameter' 
Into these holes fit half a dozen round rods of pine. A 
couple of pieces of wood screwed to the under edge of one 
of these pieces of board serve as a support to the twenly- 
eight-pound weight employed. The lower part of tiiis 
skeleton pressure board is furnished with a couple of bolta 
which shoot oat, and into two screw eyes, fastened to the 
floor. The whole arrangement will be rendered clear by 
the annexed sketch (fig. 2G). I merely describe it here in 
the hope that it may be as useful to others aa.it has been 
to myself. 
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Fop the blow-through jet only one pressure board is 
required, and perhaps a better form cannot be used than 
a couple of thin boards hinged together with a simple 
ledge, or shelf, above, also on hinges, for the reception of 
the weights. But for the mixed jet another arrangement 
is necessary. In this latter case the two gases must be 
under equal pressure. Two pairs of boards, like those 
just described, may be used side by side, but they will 
occupy a great deal of space, and a double supply of 
weights will become necessary. This last objection is, 
perhaps, more cogent than the first, for in these days of 
patent weighing machines the old-fashioned 56-pounders 
are becoming quite scarce. It is, therefore, much better 
to use a pair of boards, so constructed that they will 
embrace both bags — one set of weights being all-sufficient 
for the two. A further advantage of this arrangement is 
that both bags are under the same pressure, and additional 
weights put on during performance cannot affect one bag 
to the prejudice of the other. Dangerous accidents have 
before now happened when independent pressure boards 
have been in use, from the weights having been in- 
advertently shifted from one gas, while the other has been 
left under full pressure. 

To Mr. Maiden is due the credit of having first designed 
a pair of pressure boards which would hold both bags 
under one set of weights, and the arrangement which he 
suggested is that which is now commonly adopted by 
opticians, and figured in their catalogues. I myself 
use a modified form of these pressure boards, and 
as I have given much thought to the subject before 



62 THE BOOK OP THE 

having tliem constructed, and as the^ answer their pnrpoee 
most perfectly, I will describe them. 

They are what are called skeleton-boarda ; that ia to 
say, they consist of frames filled in with sail-cloth. This 
mode of construction saves a great amount of weight. 
The wood-work is of best pine, IJ inches thick, and is 
mortised at every joint. Jleferring to fig. 27, it will be 
seen that the upper frame is furnished with a couple of 
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hinged shelves, between which the weights are placed. 
These shelves are rasde of hard wood, so that they will 
not readily break. The lower frame (fig. 28) has let into it 
a smaller frame, which, when tlie bo!krds are not in use, is 
bolted into the main frame for travelling. But when in 
use, this lower frame is ciiused to fall downwards, ao that 
it acts as a support for the pressure -boards, keeping them 
at the right angle. The hinges which connect the two 
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frames together are of wrought iron and of very solid 
construction ; for they have to bear some amount of strain. 
It will be noticed that the sail-cloth is made in two pieces, 
with eyelet holes along the edges where they meet, so that 
by means of strong cord they can be laced up and rendered 
as tight as a drumhead. 

Between the two frames there is secured a sheet of sail- 
cloth, which is nailed down to the lower board at the 
hinged end. In the centre of its other extremity is sewn 
a flattened ring of galvanised iron. Where the sail-cloth 
is nailed to the woodwork zinc roofing nails should be 
used, for they will never rust. To the end of the 
lower frame which is farthest away from the hinges 
is nailed a strong leather strap, about six feet long, and 
when the bags are in position this strap is passed through 
the flattened ring on the midway sheet of sail-cloth, and 
then through a corresponding opening on the upper frame, 
where it is secured with a buckle. By means of this strap 
the two bags are kept in place, while the sail-cloth sheet 
between them also helps to prevent them slipping back- 
wards. 

It is customary to place the hydrogen bag below and the 
oxygen one above, but I am not aware that there is any 
advantage in so doing. Certainly I have met with operators 
who prefer to reverse their positions, and seemingly without 
any disadvantage. 

The taps on the bags should have a large bore, and the 
tubes which serve to connect them with the lantern should 
also be of good size. The amount of weight on the 
bags is governed to some extent by the size of disc re- 
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qnircd to be shown. Using a disc of from 15 to 18 feet in 
diameter the exhibitor will do well to commence when the 
bags are full with two half-hundredweights on his pressure 
boards. But when the gas has been so much used that the 
upper board gets nearly horizontal the pressure will be 
lessened, and the light will suffer to some extent. When 
this happens, the experienced operator will place another 
half-hundredweight in position, and the increased bright- 
ness of the picture will quickly show the advantage of so 
doing. 

When the gas or gases are drawn direct from steel 
cylinders, or l^ottles, if a double or triple lantern is in 
use, some form of regulator must be employed. The first 
introduced, and ]>erlKips the most perfect, is that patented 
by Messrs. Oakley & Beard. 

Before proceeding to describe this important new de- 
parture in lantern working, it may be as well to point out 
one or two difficulties which are incidental to the ordinary 
method of storing the gases required in india-rubber bags. 
So far as the writer knows, one of these difficulties has 
never been recognised in print. This difficulty is com- 
prised in the fact tliat any kind of gas, if kept in an india- 
rubber bag, quickly deteriorates. By the phenomenon 
known by tlie term endosmose, two gases separated by a 
porous diaphragm will effect a mutual exchange. Take 
the case of an ordinary india-rubber tube used for a table 
lamp or gas stove. How quickly it begins to smell. 
This is nothing else but the gas escaping through the 
india-rubber, and carrying on an exchange with that other 
gas — the air — which is outside. It would bo interesting 
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to know how quickly this exchange takes place in the case 
of a bag of oxygen; but, as an experienced worker, I 
have no hesitation in saying that there is a marked 
deterioration in the quality of the lime-light, if the oxygen 
gas used has been kept for only 24 hours in a bag 
instead of being freshly made. The same rule will 
apply to the hydrogen gas in a greater degree, for the 
hydrogen passes through a porous diaphragm far more 
rapidly than can oxygen. But, in practice, the H bag is 
filled from the nearest gas-tap immediately before it is 
wanted. (Mr. Fletcher, of Warrington, has patented a 
method of preventing the smell of gas-tubes, by inserting 
a partition of tinfoil between the two layers of india-rubber 
which compose the tube. This foil, stops the smell, by 
stopping endosmose. The same principle might, of course, 
be applied to gas-bags. Here is a hint for manufacturers.) 
Other objections to the use of gas-bags are found in their 
initial expense, and the necessity for constant renewal, 
their bulk, and their liability to mechanical injury. In 
spite of these defects, I have always preferred to use gas 
in bags, rather than gas compressed in cylinders. My 
reasons for this choice I will now give. 

If the gases are compressed in cylinders, there is a 
great saving in trouble, as well as in bulk of apparatus ; 
but I have hitherto set my face against them for the 
following reasons: — 1. The pressure is so great, that the 
india-rubber tubes are apt to blow off ; and, if tied on, may 
burst. 2. The light cannot be regulated at the jets and 
by the taps provided for that purpose, but the taps must 
be turned fully on, and the outrush of gas roughly 

F 
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regulated — a yery. difficult matter — by the screw plug on 
the nozzles of the bottles. 3. The operator at the lantern, 
even if he succeed in thus procuring the delivery of the 
proper amount of oxygen and hydrogen respectively, must 
stoop down to do so, and, for the time, neglect other duties. 
4. The pressure is constant ; and, therefore, if a double or 
treble light is suddenly wanted — as in the case of biunial 
and triple lanterns - the amount of gas measured out for one 
light, must serve for two or three, as the case may be — 
and all suffer. 5. As the bottles gradually empty, the 
pressure sinks ; and, therefore, the screw-plugs have to be 
opened several times during an evening's work. Every 
time this becomes necessary, there is a likely chance of too 
much being turned on, and the tubes being blown off. It 
is, therefore, seen that, although bags are troublesome, 
bottles possess many disadvantages which would make any 
careful operator pause before he adopted them. These 
disadvantages, however, entirely disappear when the 
bottles are used with regulators. 

The action of the regulator can be understood without 
much difficulty by reference to the annexed sectional 
diagram, fig. 28. The screw-thread d^ at the bottom of the 
drawing, is where the casting D fits upon the bottle of 
compressed gas ; d} is the delivery tube, governed by the 
stop-cock cP, B is a base-plate supporting the most im- 
portant part of the apparatus, and E E standing upon it 
is merely a casing to protect the enclosed part from injury. 
A A are bellows made of the finest rubber, and of a form 
not unlike the bellows of a camera, only that it is circular. 
Tb > top of the bellows is heavily weighted, so that its 
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natural tendency is to remain compressed. This top is 
furnished with a collar C', having ascrew -thread in which 
the screw pillar F can easily torn. It will be noticed 
that the thread of the screw is coarse, so we may call 
it ui Archimedean screw. At its lower part is a fine, and 




Fij-. 2S. 

flierefore slow-motion screw, which works in the collar c. 
Now, let ns see how beantif ally this double-screw motion is 
applied to r^nlating the delivery of the highly-compressed 
gaa. As soon as the gas emerges from the bottle it passes 



68 THE BOOK or THE LABTEBV. 

between the space which is <^ii between the valve y and 
the valve seat d. It then mshes into the bellows above, 
which become gradnally raised by its pressnre. As the 
bellows rise the screw pillar F is qnickly tnmed in its 
socket, and gives a slow motion to the screw below. The 
effect of this movement is to bring the valve y down on its 
seat rf, and the supply of gas is cnt off. Bnt in practice 
the gas will be drawn off from the delivery tnbe d^ so 
that the bellows will soon be compressed once more. As 
the bellows move downwards, the screw F acts in the reverse 
manner, so tlut the valve F is now raised, and a fresh 
supply of gas enters the bellowa In this way the bellows 
are constantly rising and falling. If but one lime-light is 
in use, and the delivery of the gas is therefore regular, 
the bellows will be almost stationary, for they will auto- 
matically adjust the valve F, so that just enough gas, and 
no more, will pass through the opening. But if two or 
three lights are in use, and sometimes only one, and per- 
haps immediately afterwards all three are requisitioned, 
then the little bellows w411 have a more lively time of it. 
In both cases the regulator will deliver the quantity of 
gas which happens at the moment to be required. 

Some time ago I contributed to The Camera, an illus- 
tnited article showing how, by the use of a small gas-bag, 
A, the outflow of gtis from a cylinder might be regulated. 
The bag was in this case made to raise a lever as it 
filled, thus cutting off the gns supply from the bottle, until 
the bag was partially emptied, when the action was repeated. 
Shortly after the publication of this article a self-acting 
valve on the same principle was introduced. This valve 
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i shown at fig. i 




A is the loose nut by which it is 
I attached to the goG-bottle ; B, the 
valve proper, which ia governed 
by the spring lever D. The 
tendency of this spring is to keep 
the bag shut, and when in that 
position the tap is open. The 
giw pressure, however, qnickly 
inflates the bsg, and turns off the 
gas supply. The delivery pipe, 
E, is connected with the lantern. 
'•*' "■ " The apparatus is small and com- 

pact, and works well. 

It may be noted here, that there is a distinct gain in 
using pure hydm^en, instead of the carbureted gas 
fiom the main, although its employment nndoubtedlj 
leads to estra trouble and ex- 
pense. The most convenient 
way of making this gas in small 
quantities is by treating scrap 
sine with dilute acid. A con- 
venient apparatus is that shown 
It was 



devised some years ago by Mr. 
Puraphrey, and published in cue 
of the Phott^raphic Annuals, 
It consists of a copper container, 
in which is an inverted bos with 
a delivery tube and tap attached 
to it for drawing off the gaa as 
it is generated. This inner box 
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haB a removable perforated shelf fitted to it, and tlie bos 
itself is so ananged that it can be wedged tightly in ito 
plac«. The shelf is to hold the necessary supply of 
scrap zinc, and as the acidulated water attacks the 
metal, hydrogen is rapidly given off, nntil the water la 
forced by the pressure of the gas below tlie shelf, and 
the action c«ases. It is ^ain renewed when gas is 
drawn off from the tap, for then the water again rises 
to the zinc, and a fresh supply is generated. This 
apparatus is clcai'ly a modification of the Dobereiner 
Limp, in which the gas generated in this manner impinges 
1 red-hot a pellet of spongy platinum. 
a exhibition iit tlje Crystal Palace, where 
hVas used, pure hydrogen from a bottle 
On one occnsion ordini'.ry coal-gas was 
3 of light which was estimated by 
those well quidified to form a judgiueut, at no less than 
25 per cent. 



At a recent lantcr 
a 30-foot screen ' 
fed the limelight, 
substituted, with a 





CHAPTER V. 

THE LIME-LIGHT AND ITS MANAGEMENT. 

[he lime-liglit was discoyered about the year 1826 
by Lieut. Drummond, R.E., during the progress 
of the Ordnance of Ireland Survey, when the 
want of some method of signalling between distant stations 
was much felt. As originally constructed, Drummond's 
lamp was very different to the convenient forms of lime jet 
now in use. It consisted of a blow-pipe, which impinged 
upon a ball of lime about as big as a marble. This lime 
ball did not last more than half an hour, but when spent 
another took its place automatically. The lime ball was 
placed in the focus of a parabolic silvered-copper reflector. 
With this apparatus, the light was visible from Antrim in 
Ireland, to Ben Lomond in Scotland, a distance of ninety- 
fire miles as the crow flies. Upon another occasion, the 
light from the Drummond lamp was distinguishable at a 
distance of one hundred and twelve miles. 

When manufactured limes cannot be obtained, a piece 
of limestone fresh from the kiln can be sawn roughly t* 
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the cylindrical form, and rubbed down with a file ; or a 
piece of good hard chalk will serve, if there is nothing 
better at hand. The following mixture has been recom- 
mended as one from which a hard substance can be 
moulded which will take the place of the usual lime 
cylinder : — 

Precipitated Chalk 4 parts. 

Heavy Magnesia Carbonate 1 part. 

Mix to paste with gum-water , and mould to form. 

Of late years some new limes have been introduced, with 
the trade-mark " Excelsior." These will do admirably for 
the blow-through jet, but will not (at any rate in my 
hands) withstand the attack of a powerful mixed jet. I 
have always regretted that I cannot use them, for they are 
uniform in size, are accurately turned and bored, and are 
packed in a very convenient manner. A good hard 
material which will last for several hours, and which is not 
affected by damp, is a thing that is much wanted for lime- 
light working. The following extract from Lieut. Drum- 
mond's paper in the Philosophical Transactions, 1826, is 
interesting, as showing that the discoverer of the lime-light, 
made trials of various substances, but found lime to be the 
besl- : — 

'* The results of several trials made at the commencement, 
gave for — 

Lime ,.... 37 times 

Zirconia 31 times 

Magnesia 16 times 

the intensity of an Argand burner. The oxide of zinc was 
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also tried; but besides wasting away rapidly, it proved 
inferior even to magnesia. 

" Of these substances, and also of their compounds with 
one another, lime appearing to possess a decided superiority, 
my subsequent experiments were confined to it alone, and 
by a more perfect adjustment of the apparatus, by bringing 
the maximum heat, which is confined within narrow 
limits, exactly to the surface of the lime ball, and by using 
smaller balls than those employed in the early experiments, 
a very matei ial increase of light has been obtained. The 
mean of ten experiments, made lately with every pre- 
caution, gives for the light emitted by lime, when exposed 
to this intense heat, 83 times the intensity of the brightest 
part of the flame of an Argand burner of the best construc- 
tion, and supplied with the finest oil. The lime from chalk, 
and such as is known at the London wharfs by the name of 
flame lime, appears to be more brilliant than any that has 
been tried. When well-burned Carrara marble is made 
into a paste with water, and gradually dried, it appears to 
be nearly equal to the preceding ; when strongly com- 
pressed, or very porous, it is inferior." 

The best limes to be obtained are of the kind known as 
" hard," or " Nottingham limes." The e last better than 
any others that I know of. They are sold in tin boxes 
holding one dozen each, and are packed in powdered lime, 
kept as far as possible from the air. Let it be remembered 
that these limes will be spoiled by exposure to damp air. 
By such exposure they swtill to double their normal size, 
will break the strongest box in which they are confined, 
and will, finally, fall to powder. In other words, they are 
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made of quick lime, and moisture will slake them. Lime 
cylinders are difficult things to keep, for damp air will get 
to them in spite of ordinary precautions. I have tried to 
preserve them — with partial success — by dipping each 
cylinder separately into a solution of indiarubber in ben- 
zole or chloroform, which forms a skin upon its surface. 
An American writer publishes a better plan. He melts 
some solid paraffin or bees' wax in a metallic vessel, 
exercising care that the heat is just enough to render 
the substance liquid and no more. He then dips each 
cylinder into the wax half way, allows it to cool, and then 
holding it by its waxed end, dips the other half. This 
coating, he says, quite excludes the air, and the limes may 
be rolled in paper and packed away until wanted for use. 
The coating is readily peeled off when the lime is required 
for the lantern, provided that the heat employed in melting 
the wax was not too high when the cylinders were dipped. 
Each lime is cylindrical, and about one inch and a half in 
length, with a central hole for the reception of the pin 
upon the jet. This hole should be carefully freed of 
powdered lime, by running a match through it, after 
which the cylinder can be placed upon its pin, where for 
the present we will leave it. 

As already indicated, the most commonly used form of lime 
jet is the safety, or blow-through kind. If the jet be a 
properly-constructed one, it will well illuminate a picture 
15 feet in diameter. In this jet the hydrogen is sup- 
plied from the nearest household source, by a connecting 
tube of india-rubber. Herein lies, perhaps, its only dis- 
advantage. In an ordinary house the connexion is an 
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easy matter, but in large halls, which are now commonly 
lighted by one or two sunlights high overhead, the 
operator finds himself in a serions difficulty. In this jet 
the two gases do not mix until they reach the point of 
combustion, and for this reason the apparatus is dis- 
tinguished by the word " safety." For hydrogen and 
oxyen, when mixed together, form an explosive vapour of 
most terrible power, and one which is most difficult to 
control. If any one should wish to prove this, let him fill 
a soda-water bottle with the gases over a pneumatic trough 
in the proportions of two volumes of hydrogen to one of 
oxygen. Then close the bottle with a well-greased cork, 
and, after wrapping it in a towel in case of fracture, take 
out the cork, and put the mouth of the bottle in front of a 
candle flame. The report caused by the explosion of the 
gases will be quite equal to a heavily-charged fowling- 
piece. But when the two gases are used in conjunction 
with the safety-jet there is no risk of explosion, for no 
mixture takes place until the gases meet on the lime 
cylinder. I know that accidents have happened when 
this jet has been in use, but they are traceable to im- 
proper use of the apparatus. A case of this kind came 
under my notice quite lately. An optician had employed 
a new hand to see after the making of the oxygen gas and 
filling the bag with the same. This individual was, after 
a time, left to his own devices, and finding, upon one 
occasion, that the bag was not full, he attached it to the 
nearest gas-bracket until it was properly distended. This 
bag was used in public the same eveniiig, and a few 
minutes after the proceedings commenced it blew up, and, 
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besides wrecking the lantern, smashed all the windows in 
the hall. The cause of the disaster leaked out afterwards. 

But with proper care this jet is perfectly safe, and 
one which I have used scores of times for purposes of 
demonstration in crowded school-rooms. As the bulk of 
my readers are more likely to adopt this form of limelight 
than any other, I will give directions for working with it 
which will at once show its simplicity. We will suppose, 
in order to make the matter clearer, that the operator has 
a single lantern fitted with this form of jet. 

Beyond the mere lantern and its belongings, there will 
be required some india-rubber tubing, a box of limes, and 
a bag or bottle of gas. The best rubber tubing is the red 
variety; but it is expensive. It will, therefore, be found 
economical to adopt a plan which 1 myself have practised 
with advantage. Two lengths of tubing are required, one 
for each of the gases employed. A 6-foot length will be 
sufficient to coimoct the O side of the jet with the iron 
bottle or bag ; but the length of the other piece of tubing, 
which is to connect the H side of the jet with the nearest 
house gas-burner, is obviously dependent upon the distance 
of that supply from the place where the lantern is being 
exhibited. If the nearest tap is in another room, it is best 
to use a length of compo. (lead) gas-pipe, which is absurdly 
cheap. Upon one occasion I remember drawing the gas 
from another house by such a moans of communication, 
the pipe passing through two windows. But it is only 
upon rare occasions that such a proceeding is necessary, 
and the worker is generally able to find a source of gas- 
supply ready to his hand. When such is the case, I 
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recommend the employment of two different kinds oi 
tubing. There is a hard black kind, made, I fancy, in 
France, but easily procurable in this country, which wears 
extremely well, far better, indeed, than the ordinary grey 
kind. It is cheap as well as good. The only part where 
it seems to deteriorate is the end, where it is being 
constantly fitted on to the metal jet. This gets soft and 
rough after some time, a failing which is easily remedied 
by judicious amputation. Use for each gas a sufficient 
length of this black tubing, and firmly attach to the end 
of each piece a short length of the more elastic red tubing, 
by which connexion with the bottle and house gas respec- 
tively can be easily made. In joining the two kinds of 
tubing together, use a couple of inches of lead pipe as a 
connecting link between them. First draw the black 
tubing half way over the lead, and then, if possible, allow 
the red tube to cover both, securing the whole with 
string. 

Having all these things ready, the H tube fastened to 
the nearest gas supply, and the O tube to the bottle or bag, 
we can proceed to work. Let the lime-pin be so adjusted 
that the lime is about 1-1 6th of an inch from the nozzle of 
the jet. Then turn on the tap marked H, and light the 
jet. Turn down the gas until the flame is about one 
inch high, and let matters thus remain for five minutes, to 
give the lime time to warm through \^' ithout this pre- 
caution, and if the oxygen is turned on at once, the lime 
is apt to split up from the sudden heat. 

After this five minutes' rest, you may attend to the 
oxygen supply. If the gas is supplied from a bottle or 
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cjlinder first turn the O tap of the jet full on, and let it 

remain so. This is a most important point, and for the 
following reason : the supply of oxygen must be regulated 
only from the tap on the bottle, for the pressure of gas is 
so great that if we turn on the bottle tap and then attempt 
to clieck its flow by moving the tap jet, the connecting 
rubber tube will be blown off or possibly split up. There 
is another advantage in keeping the hydrogen jet burning 
for some time before the lantern is used. It warms the 
glasses, and prevents that deposit of moisture upon them 
which is otherwise always more or less apparent, especially 
in a crowded room. Turn the H tap until there is a good 
big flame from the jet, and now very, very gradually turn 
the lever tap of the bottle. If you do this too quickly, the 
sudden mixture of O and H at the jet causes the light 
to go out with an unpleasant crack. There is really no 
danger, but the noise frightens nervous people, who are 
prone to associate with lanterns generally the idea of being 
blown skyward. The regulation of the two gases is a 
matter which is soon learned by experience, and is governed 
by the appearance of the disc of light obtained on the sheet. 
Move the two taps until the best effect is obtained ; the 
knack of doing so is very soon learned. 

Having seen that the gas jet is burning well and quietly^ 
which is one sign that all is at it should be, the next thing 
is to see that the light is perfectly central with the optical 
system. See that the tray upon which the jet is fixed is 
witlidrawn so as to leave a space of about 4 inches 
between the light and the condensing lens. Raise or lower 
the jet on its supporting rod, and move it from left to 
right until the flare of light seen upon the sheet is as 
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central as possible. When this is the case, tighten the screw 
or screws (and two are better than one) which hold the jet 
on the rod, so as to clamp it firmly in position. Now press 
forward the tray, so that the light approaches the condenser, 
and this will canse the sheet to become equally illuminated 
with a sharply- defined margin all round. Now place a 
slide on the stage of the lantern, and focus it as sharply as 
possible. The best way to do this is to set the focussing- 
screw so that it is at its middle position, then focus by 
sliding in and out the flange into which the objective is 
screwed. Get roughly the best focus which you can obtain 
by this means, and then give a finishing touch by means of 
the focussing-screw. 

If a double or biuryal lantern be employed, the necessary 
operations will be ra tlier more complicated, for here we shall 
have two lights, and two optical systems to control instead 
of one. But, when once understood, the working of a double 
lantern is both simple and easy, so much so that on many 
occasions when a good assistant was not forthcoming I have 
worked the lantern myself and lectured at the same time. 
The two lanterns are connected by means of a dissolving tap, 
such as that shown in fig. 3, which is a very good pattern. 
This tap is so arranged that when the lever is upright both 
lanterns have their full supply of the gases; when the 
lever is turned over towards the left-hand side, the lower 
lantern only is provided for, whilst when in the reverse 
direction the upper one is supplied with gas. The original 
plan for dissolving was to move a couple of serrated 
screens to and fro in front of the lenses, both jets 
continuing burning during the entire exhibition. The 
more modem method of cutting ofE the gas supply fr<^'-- 
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each lantern alternately has the great merit of saving 
nearly talf the gas bill. It will be noticed in the cnt of 
the dis9olvii^ tap that it is fomifihed with two small stop- 




cocks, which are fixed on verticn.l tubes near ite centre. 
These tubes are by-passes which allow a small quantity 
of gaa to pass to each burner, although the leyer has 
shut off the main supply. The necessity for this arrange- 
ment is obvious ; without it the lantern not in actual use 
would be totnlly extinguished. In using the blow-through 
form of jet both by-passes must be employed, but with 
the mixed jet the hydrogen by-pass only is necessary. 
The first thing to be done in operating with a double 
lantern is to light the hydrogen in both lanterns, and to so 
adjvtst the bj'-pass that it will admit just enough gas to 
the hkntem not in use to give a flame about half an inch 
high. When the blow-through jet is used the correspond- 
ing oxj'gcn tnpmnst be manipulated to furnish just enough 
of that gas to tinge the hydrogen flame. If this precaution 
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be not taken, the sudden influx of oxygen to the burner, 
when the dissolving lever is turned, will almost infallibly 
aiuae the flame to snap out with a sharp crack. 

The mixed jet is as easily worked as the safety form and 
— despite the confidence-inspiring name of the latter — is, 
in my opinion, quite as safe in careful bands. Id some 
forms of mixed jets pumice-stone chambers, receptacles 
jhar^d with discs of wire^auze, and other arrangements 
which are supposed to prevent the flame passing back 
through the tubes, form part of the design. I look upon 
such contrivances as mere obstacles to the free passage of 
tlie gas; and, although some of my jete were originally 
provided with them, I did away with them as quickly ae 
possible. 

The diasolvor for a triple lantern is naturally more com- 
plicated ; but taps ha"e been devised which are so arranged 




Pra. 33. 
E the three lanterns can be put in or out of 
Such a tap is shown at fig. 33. Another 
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pattern of very compact fonm ie illnBtrated at fig. 34. In 
this case the by-paaees are governed by tape wMoh are 
adjusted by the operator with a sca^w-driver. This Boems 
to be a good arrangement, aB there is no chance of 
accidental tnmtng off or on by a careless touch, as maj 
happen when the by-pass taps are exposed. 




There are one or two methods of maiinfactnring oxjgen 
gas for the limelight as fast as it is nsed, and although, 
for reasons which I shall presently give, I cannot recom- 
mend such a procedure, the methods are ingenions eoongh 
to warrant notice. In Chadwick's apparatae there is an 
iron gas-holder, which forms the support of the lantern. 
Associated with it is a special form of retort heated bj a 
Bunaen burner, and charged with chlorate of potash and 
manganese made up into a cake previously. The operator 
starts with a full gas-bolder, and at the end of perhaps 
fifteen minutes, when it is nearly empty, lights the Bun- 
sen burner, and in a few minutes enough gas is generated 
to fill it once more. The retort is now charged with a 
fresh cake of mixture ready for once more filling the gas- 
holder as it sinks. 
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Another plan was originated some time ago by Mr. 
Beseler, of New York, and published by him in one of the 
American journals. In this case the mixed chemicals are 
pljiced in a metal tube, with a Bunsen burner beneath it. 
As the gas is generated it fills a small gasholder, which 
supplies the lantern. Only one part of the tube at a time 
is subjected to he it, so that when a fresh supply of oxygen 
is wanted, all that is necessary is to shift the Bunsen 
burner to another part of the tube, and the gasholder is 
replenished. This latter plan is more simple than Chad- 
wick's ; but I object to both, unless it be for experimental 
work at home, on two broad gronnds. One is, that the 
blow-through jet can only be used in conjunction with 
such an appanitus, and the other is, that a lantern operator 
has quite enough to do in attending to his burners and 
changing the pictures without being burdened with the 
constant anxiety of seeing to the gas supply. 

Of late years much has been heard about the so-called 
ether-oxygen or ethoxo limelight, so called because the 
vapour of sulphuric ether is used in lieu of the ordinary 
hydrogen, or coal-gas. I have tried this light, and, while 
admiring its brilliance, which is quite equal to any form 
of limelight which I have seen, I am very doubtinl as to 
its safety. I have no doubt that it can be so arranged t^s 
to work with safety; but several explosions which have 
occurred with it show very conclusively and unpleasantly 
that that time has not yet arrived. With the tempting 
advantages of extreme portability and brilliant light 
which this or any other system may offer, I hold that it is 
a positive duty to eschew it tmtil it is known by further 

o2 
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experience to be absolutely innocuous. Some may say, 
** Oh, there is no real danger ; the worst that can happen 
is one of the tubes blowing off with a bang ! " But this 
apparently harmless "bang" may cause a panic in a 
public hall, which may lead, possibly, to fatal results. So, 
for the present, at any rate, I shall do without the ether 
light, while, at the same time I shall look forward to its 
gradual perfection with the greatest interest. It is only 
fair to state that this light is much used in America, 
its greatest champion being Mr. Ives, who recently con- 
tributed a paper on the subject to the Franklin Institute. 
Mr. Ives is such a good worker that his words carry weight 
with them. I quote the following remarks from his 
paper : — 

" Notwithstanding the great success of this means for 
producing the limelight, and the important advantages 
which it offers, I have always recognised in it cei^tain 
minor faults, which I hoped to overcome in course of time, 
and. my object in preparing this paper has been to call 
attention to some recent improvements I have made, which 
I believe will greatly extend the use of the light, and 
increase its popularity. The first improvement is in the 
construction of the saturator, which is reduced in size, yet 
increased in effectiveness. The second is in the use of 
petroleum ether (rhigolene), which gives the same light as 
sulphuric ether, but vaporises at a lower temperature, costs 
much less, and contains neither alcohol nor water to accu- 
mulate in the saturator. 

"My improved saturator is in the form of a single 
metallic tube, 2 inches in diameter and 13 inches long, 
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with a tandle at the middle and a stop-cock projecting np- 
ward at each end. A neck, like that of a bottle, projects 
from the screw cap at the end, and is closed with a cork 
for convenience in filling. The passage for oxygen is over 
20 inches long, in the form of a zig-zag channel through 
the upper surface of the roll of porous material, and 
secures complete saturation of the gas with vapour. The 
saturator can bo filled from a bottle in one minute, and is 
ready for use at once, or may be kept filled for any length 
of time. Petroleum ether costs only thirty cents a pound, 
which is less than half the price of sulphuric ether ; it also 
vaporises at a lower temperature, so that the light can be 
used successfully even in a very cold room, and it has 
other advantages. It will supply a pair of lanterns con- 
nected by dissolving key, for two hours continuously. It 
should be stored in a cool place and kept tightly corked. 
It is also necessary, when using it with oxygen from a 
cylinder, to use a valve that can be opened very slowly, 
because a very small amount of oxygen passing the satu- 
rator will produce a very large flame at the jet. The 
Shaw valve, manufactured by Mr. Shaw, a member of this 
Institute, fulfils the requirements, and is already largely 
used in this city. Some special instruction for the manage- 
ment of the light in hot weather may also be called for. 

" In conclusion, I give it as my opinion that this im- 
proved means for supplying the hydrogen element is so 
much simpler and more convenient than any other, that it 
cannot fail to entirely supersede the use of hydrogen and 
coal-gas, when its merits shall have become generally 
known and appreciated." 



CHAPTER VI. 



SCREENS. 




NDER this head comes the sheet, hung in 
the required position by supporting cords, and 
screens fixed on built-up frames. 
First, as to the simple sheet. A badly-hung sheet is 
an abomination. It should be so hung that there is a cer- 
tain pull upon it from the centre to the edges all round, 
and this may be brought about by following the directions 
now given. The sheet may be made of either linen 
or cotton. I prefer the latter, because it is cheaper, and 
more opaque, and we shall presently see that opacity car- 
ries with it certain advantages. If the sheet is of such a 
size that it must be joined (that is to say, if it be more 
than about 10 feet square), the necessary seams should lie 
horizontally, not vertically. A sheet in which the seams 
are vertical, is liable to hang in festoon-like folds ; but if the 
seams be horizontal, it will hang straight, so long as its top 
edge is properly secured. The sheet should have along 
this edge a broad hem, in which is run a strong cord. 
This cord should be firmly fastened to the comers of the 
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sheet, and in such a way that when it is stretched, the 
material of which the sheet is made will not pucker. At each 
end of this cord there should be a loop made by doubling 
it over, and wrapping it round with waxed thread'. 
Along each side of the sheet should be placed, at intervals 
of about eighteen inches, galvanized iron rings, or brass 
curtain rings will answer the purpose. The bottom of the 
sheet may be left free. 

A screen of this description will require no fittings to 
hang it in position, beyond a couple of screw-eyes placed 
so far apart that the sheet will easily go between them ; 
and which should be inserted in the cornice or roof of the 
exhibition-room, with two more eyes placed immediately 
underneath the top ones, and screwed into the floor. Next 
are required two strong but thin cords ; and it is best at 
the outset to procure these of the best quality possible, for 
upon their strength the sheet entirely depends. Bach cord 
should be fitted at one end with a swivel and clip like that 
upon a dog^s chain. 

Having made these preparations the hanging of even a 
large sheet will be comparatively easy. First, let the cords 
be run through the fixed screw-eyes in the roof or upper 
part of the wall ; one cord through each eye, and so inserted 
that the clips on the cords are inside, — t.e., facing each 
other. Next clip the sheet to the cords by the loops pro- 
vided at the top corners, as already described. The sheet 
can now be pulled up bodily, — preferably by two persons, 
one at each cord. Next place the free ends of the cords 
through the screw-eyes in the floor, and stretching the sheet 
afl tightly as possible, secure each by a simple knot. 
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We shall now see the advantoge of the eyelet-holee or 
ringB at the sides of the sheet. Fastening a piece of 
string to the top eyelet-hole at one side, — and this is better 
done before the sheet is pnlled into position, — allow that 
string to embrace the support^ing cord, next let it pass 
through the nearest eyelet-bole, then again round the cord, 
and so on until the bottom of the sheet is reached. By this 
lacing method the sheet can be rendered almost as flat as a 
board, and presents the beet possible kind of surface so far 
as a sheet can give it for showing lantern pictures well. 

Some little judgment must be exercised aa to the best 
position for the upper screw-eyes. Of course, in practice, 
difficulties are apt to occur. The best position may be one 
which the ladder available will not reach. Again, it is 
often the case that screw-eyes may be found already 
in position, and the owners of public halls have a righteous 




objection to holes being made, even to the tiny ones 
necessary for fresh screw-eyes. In each a case the 
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exhibitor must content himself with existing arrangements. 
But supposing that he has a free will in the » matter, he 
must exercise his judgment with regard to the size of the 
hall, and the best position for hanging a sheet. For in- 
stance, in a hall with a pointed roof, the position A (see 
figure 35) would be preferable to position B. In some 
halls, again, the walls may be so far apart that the sheet 
will, when hung in the manner described, drop consider- 
ably by its own weight, so that, although the screw-eyes 
n^ay be 20 feet from the ground, the top edge of the sheet 
will be only 14 or 15 feet above the floor. The best 
way of obviating this is by the use of two wooden struts, 
or supports, placed as shown in figure 36. In this dia- 




Fig. 36. 

gram the dotted lines indicate the position which the sheet 
would occjupy without this help. 

The material of which the screen or sheet is made is of 
far more importance than would be thought by an inexperi- 
enced worker. A careful artist knows that a good picture 
cannot be produced on crumpled or dirty paper ; and the 
lantern exhibitor should be quite as careful to provide for 
his pictures an unblemished and even surface. Un- 
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doubtedly the best thing of all is a simple white- washed 
wall. Why should this be so ? Let me endeavour to 
explain the matter in a few words. 

Suppose that we go behind an ordinary linen or cotton 
sheet, while lantern pictures are being thrown in front and 
upon it. We not only see the picture distinctly through 
the sheet, but there is enough light round about us to enable 
small print to be read with ease. At least such is the case 
with the lime-light, and in a minor degree with the oil 
lantern. Now all this light means so muct deducted from 
the light available from the lantern, and which, therefore, 
is completely lost to the spectators in front. From an 
opaque wall, on the other hand, the light is nearly all reflected 
to the spectators* eyes ; and although no doubt some must 
be absorbed, we know that none is actually transmitted 
through the screen, and utterly wasted, as in the case of a 
semi-opaque sheet. We might compare the two cases, to a 
vessel of water with a porous bottom, which will, of course, 
allow a large portion of the liquid to dribble through and 
be lost ; as against a vessel with a solid bottom which will 
hold water without any wasteful transmission. But a 
white-washed wall is not often met with in a lecture-hall, 
and the best substitute is a canvas sheet rendered opaque 
with white-wash. Such a sheet is portable up to a certain 
size ; and if intended for use as a fixture in any one hall, 
can be made up to any size, within reasonable limits. 
Witness the scenes on rollers at our large theatres and opera 
houses, the basis of which is simply whitened canvas. Such 
a plan was adopted at the late Polytechnic Institution, where 
the screen measured no less than 26 feet across* 
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There is a further advantage connected with using a 
sheet of this description, which is that when, not in actual 
use it can be rolled np, and will keep perfectly clean for 
manj years. When soiled, a fresh coat of white-wash can 
bo given to it with little trouble and expense. For home 
use a screen of this nature is to be greatly recommended. 
Let me now describe the method by which such a surface 
can be prepared, and the best way of hanging it in position. 
The following detailed directions are quoted from an article 
upon the subject which I wrote some time back : — 

Having decided upon the dimensions of the screen, 
which, of course, must be governed by the size of the 
room in which it is to be hung, we must first of all have a 
frame made upon which the material can be stretched 
whilst being painted. Any kind of close- textured material 
will answer our purpose, good unbleached calico being as 
suitable as anything else. The frame should be strong, 
for as soon as the sheet is wetted it shrinks, and is apt to 
pull an ill-constructed frame all askew. The calico, — if 
joined, should be neatly sewn, — and so tacked on the frame 
that the seam or seams will lie horizontally. The sheet 
must be nailed on the frame with tacks, and this appa- 
rently simple work must be done in a certain way, or 
it will be pulled into creases. The four corners must 
be first secured, and afterwards the sides may be nailed 
down, one side being completely nailed before another is 
begun. By this means the sheet will, when done, present 
one even surface. This done, it must receive a coat- 
ing of size. The best double size should be used, and 
should be melted in a suitable vessel with its own weight 
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of water. The size while on the fire should be watched 
and occasionally stirred, but should not be allowed to boil. 
When melted, this size is well brushed into the calico, and 
allowed to dry. It will then be ready to receive its 
coating of white paint. This consists of whiting which 
has been soaked in water until it assumes the appearance 
of thick white mud. To this strong melted size must be 
added until the mixture is of the consistence of cream. 
It can be left now for some hours until it has become 
perfectly cold. At the end of that time it should have 
the appearance of very weak jelly, — a jelly which can be 
easily broken up by the paint-brush. 

The frame being placed upright and properly secured, 
the workman commences at the top, working the well- 
charged brush up and down, and then horizontally, so as 
to avoid leaving any lines upon the surface, until it is all 
covered. If the sheet be unusually rough in texture, it 
will benefit by another coat when the first is dry. 

When this painting operation is finished the nails must 
be drawn from the frame, and the sheet must be tacked 
on to a roller. This roller may be hung like a window- 
blind at the top of the room, and governed by a cord in 
the familiar manner. But if it is of large size, — say 12 
feet across or more, — the roller is best placed at the bottom 
of the sheet, and made to roll up by cords upon its pro- 
jecting ends, and pulleys above like the drop scene at a 
theatre. 

It has often struck me as a deplorable oversight that 
halls where lantern lectures are of constant occurrence, 
are not fitted with permanent roll-up screens of this kind. 
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I know most of the lecture halls in the kingdom, but I am 
not aware of a single one where this arrangement exists. 
The lecturer who visits these places is responsible for 
bringing his own screen, and his assistant must fit it up, 
an operation which is sometimes, — owing to the structure 
of the hall, — very troublesome and difficult. A permanent 
rolled-up screen would obviate all this difficulty, and would 
add greatly, for the reasons already given, to the success of 
the exhibition. I can only suppose that this is one of those 
matters which comes under the head of everybody's 
business, and therefore nobody attends to it, or seeks to 
remedy what I feel is a mistake. 

We will next consider the method of hanging a sheet on 
a portable frame. Some le(jturers adopt this plan, and if 
they are not afniid of adding to their luggage a huge 
bundle of sti;.;ks, they certainly have the advantage of 
being independent of ladders, staples, and all the thingg 
necessary for hanging a sheet in the ordinary way. There 
are several doscri[)tions of frames made for this purpose, 
which are sold by dealers; some are good, and some 
are very much the reverse, giving much more trouble 
than they are worth. Perhaps the best form of frame is 
that which is made of round pine sticks, about 4 or 6 feet 
long, like broom-sticks, and which fit to one another,— 
fishing-rod fashion, — by means of brass sockets. The 
corners of the frame are represented by sockets mitred, and 
brazed together, see fig. 37. Such a frame as this ie easily 
put up. First of all the top pieces are socketed together, 
and furnished with their comer pieces and one length of 
the wooden rods. The side pieces aie next placed in their 
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proper sockets, and the top portion of the sheet is tied on by 
tapes. It is reared up a little higher by the addition of two 
more side pieces ; and as this building-up gradually goes on 
the sides of the sheet are secured by tapes to the frame. The 




Fig. 37. 

bottom pieces are finally attached and the frame is com- 
plete. If there is room enough this operation of mounting 
the sheet on its frame is best performed when both are 
lying flat on the floor, otherwise it must be done by 
gradually building up the frame while it is in a vertical 
position. At each top comer should be fastened guy 
ropes, and these can be secured to staples screwed into 
the floor. 

One advantage of a frame of the above description is 
that, when, from the nature of the hall, it must be erected 
on a platform at a higher level than that of the lantern, 
the whole screen can be made to incline forwards, so as 
to bring its surface square with the lens. With a strictly 
vertical sheet the picture would, under such circumstances, 
be thrown out of shape and out of focus. 

Whatever wood may be chosen fov the material of the 
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frame, it should be strong; for if the sheet is tightly 
stretched, as it ought to be, there will be a very heavy 
strain upon its support. Perhaps the best wood for the 
purpose is bamboo, which combines the qualities of 
extreme lightness with great strength. I believe that 
bamboo frames can now be obtained commercially. 

The rule for finding the correct distance between lantern 
and sheet is to add one to the number of times enlargement 
required, and multiply by the equivalent focus of the lens 
used. If, for instance, a slide measures 3 inches, and it is 
desired to cover a screen 10 feet across, the scale of 
enlargement is 40 times : and 41 times the equivalent 
focus of the lens gives the required distance between lens 
and screen. 

In order to find the equivalent focus of a lens, it is con- 
venient, in the absence of special apparatus, to proceed as 
follows : — Focus upon a white surface an image of the 
Sun or other distant object, taking care to place the lens 
axis as nearly as possible in line with the object, and 
perpendicular to the surface receiving the image. When 
the image is sharply focussed, measure carefully the dis- 
tance between it and the nearest surface of the lens. 
Repeat this operation with the lens reversed, and measure 
the distance to the same surface as before ; in this caae, 
the surface furthest away. The average of the two 
measurements thus obtained is approximately the 
equivalent focus of the lens. 

I am indebted to Mr, Taylor, of Leicester, for the fol- 
lowing useful table : — 
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Table of Distances between Lens and Screen for 
VARIOUS Scales of Enlargement, and with Lenses of 
various equivalent focal Length, 



00 4A 
« 

Is 




















1 


4," 


b" 


6" 


7 


8" 


9" 


10" 


11" 


12" 


Focus of 
lens. 


12 


4!\" 


5'6" 


6'6" 


7'7" 


8'8" 


9'9" 


iCiO" 


1111" 


IS' 


• 


18 


6'4" 


7' 1 1" 


9'6" 


ll'l" 


12'8" 


1V3" 


1510" 


17'6" 


19* 


M 


24 


8'4" 


lO'o" 


12'6" 


14'7" 


16'8" 


18'9" 


20*10" 


22*11" 


26' 


P4 


30 


10'4" 


12'1 \" 


Ip'ii" 


18'1" 


2 ''8" 


23'3'' 


2610" 


28*5" 


31 


CO 


36 


12'4'' 


16'5" 


18'6" 


217" 


24'8" 


27'9" 


SO'IO" 


as* 1 1" 


3r 





42 


J4'4" 


17'4'* 


21'6" 


25'1" 


2S'8" 


32'3" 


3510" 


ayo" 


43' 


^ 


48 


16'4" 


2u'o" 


2tV' 


28'7" 


32'8" 


36'9" 


4 10" 


4411" 


49' 


00 


64 


1&'4" 


22' 11" 


27'6" 


32^1" 


36'8" 


41'3" 


4510" 


60'6" 


bV 


^ 

^ 


60 


2 %'- 


26'6" 


30'n" 


35'7" 


40'8" 


45'9" 


5C10" 


6611" 


61' 


1^ 


66 


v2'4" 


27' 1 1" 


33'6" 


39'1" 


44'8" 


50'3" 


6610" 


61'5" 


67' 


ts 


72 


24'4" 


30'.y' 


36'6" 


427" 


48'8" 


54'9" 


60*1 " 


66*11" 


73' 


M 


78 


26'4" 


H2'll" 


39'6" 


461" 


62'8" 


5h'3" 


65l( " 


72*6" 


79* 


H 


84 


28'4" 


3/5" 


42'6" 


497" 


hVi'r," 


63'9" 


7 10" 


77' 11'* 


85' 


90 


3<''4" 


37' It" 


45'6" 


631" 


6 ''8" 


68'3" 


75lf'" 


83'5" 


91 


n 


96 


32'4"' 


40'6" 


48'tt" 


66^7" 


64'V' 


72'9" 


8.^1. /' 


BS'ir 


97' 


M 


102 


34'4'' 


12' 11" 


51'6" 


601" 


68'8" 


77'3" 


85' 10" 


94*5'* 


1 3' 


u 
^ 


108 


36'4" 


45'o" 


P4'tJ" 


637" 


72'8" 


81'b" 


90'10" 


99*11" 


K9' 


2 


114 


3H'4" 


47'11" 


67'6" 


67'1" 


76'8" 


86'3" 


95l«»" 


106 6*' 


116' 


CO 


120 


40'4" 


5i>6" 


60'6" 


707" 


BO'S" 


90^9" 


lOO'lO" 


11 '11" 


121' 






CHAPTER Vn. 

fHE PREPARATION OP LANTERN SLIDES, DIAGRAMS, ETC., 
WITHOUT THE AID OF PHOTOGRAPHY. 




EFORE it became possible to nse photography in 
conjunction with the lantern, what are called 
hand-painted slides had to be depended upon, 
for they were the sole pictures that could be obtained. 
In those days it was common to use a very much 
larger picture for the lantern than at present. Those 
pictures which delighted one or two generations of sight- 
seers at the old Polytechnic, measured about eight inches 
by five. Some of these pictures were most elaborate works 
of art ; so much so, that at the sale of the belongings of 
the Polytechnic in 1881, when the Institution as a place of 
entertainment was broken up, many of these slides real- 
ised as much as fifty shillings each. It is to be feared that 
such hand-painting on glass is now almost a lost art, for 
people will not pay the price which would remunerate a 
competent artist, when they can obtain a more perfect 
representation, — ^as to form at least, — by means of a photo- 
graph. The slide-painter of those days used to work both 
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in water colour and in oil colour, sometimes, I believe, 
combining the two methods in one picture ; and his first 
proceeding was to draw the outline on the glass, in black 
pigment, with a very fine brush. Those who do not wish 
to dabble in photography, and who have some artistic taste 
may still adopt the same plan, and they will find that with 
a little practice they will be able to draw with a fine brush 
and with a suitable pigment, as finely as they can on paper 
with a pen. The Japanese artists, — I may mention, — do all 
their work, and even their writing, with a brush, and we 
all know their pictures are not to be despised. It will 
be found that such an outline is easier to produce if the 
glass be first covered with a layer of varnish. Some use 
a weak solution of gelatine in water, to give the glass the 
necessary surface for taking the pigment. A solution of 
sugar has also been recommended for the same purpose. 
A still easier plan of producing diagrams of line drawings 
without the aid of photography is to use sheet gelatine, 
which is sold for the purpose. This gelatine is placed over 
the engraving or other design which it is wished to copy ; 
and the lines are traced with a sharp point, such as an 
etching-needle. Fine black lead is then rubbed over the 
surface with the top of the finger, with the result that the 
black powder lodges in the scratches, but does not adhere 
to the smooth surface. This plan I look upon merely as a 
makeshift ; but I mention it for what it is worth. 

A method by which far better results can be obtained? 
was published some years ago by the Rev. Dr. Dallinger, 
the eminent microscopist, who has for a long time used 
slides produced in the way he describes. His plan is 
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briefly this. He works with a hard pencil on a piece of 
very finely -ground glass ; afterwards filling in the outlines 
thus made with water colours, and applying a coat of var- 
nish so as to give the necessary transparency to the picture. 
This method he brought before the Royal Microscopical 
Society, and the following extract from his paper describes 
the matter so clearly that all will be able to follow his 
directions : — 

" Most working microscopists have felt the necessity, in 
reading papers on their work, of accurate illustration. 
These enlarged drawings fail in matter of detail, unless 
extravagant labour is expended, and considerable skill 
employed. Even then the light of an ordinary lecture 
hall is not enough to enable the most distant of the 
audience to see them. It is only by means of the limelight 
and transparencies that really useful illustrations can be 
given. But here the difl&culty is to prepare them accu- 
rately and inexpensively. Photography cannot be employed 
in all cases ; and even where it can be, it involves more 
labour than most microscopists can afford. Drawing and 
painting on glass in the usual method is an art that it takes 
years to learn ; and to employ one who has learned it to 
draw from nature a highly-magnified object, would be to 
introduce unnumbered errors of interpretation, unless our 
artist be a microscopist himself. 

" I obviate all these difficulties by the following method : 
On finely-ground glass, drawing with a black lead pencil 
is as easy as drawing on London board. I get four inch 
squares of glass to suit my lantern, carefully ground on 
one side like the focussing glass of a camera. Now with 

h2 
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the ground side up, tlie camera lacida may be used witli 
this as well as with drawing-board, if a piece of white 
paper be placed beneath it, and the object drawn in the 
nsnal way. For ontiining .and delicate shading I employ 
H H H H and H H H pencils ; for deep shadows I use 
H B. By a very delicate employment of the pencil, 
shadows softer than can be secured by lithography may be 
made. The camera Incida, of course, is not necessary ; we 
may draw with the eye and hand alone. If it be necessary 
to put on colour it may be done cleanly and carefully over 
the shading ; thus one layer of colour suffices. Now of 
course, although we have a perfect drawing of the object, 
with all the detail accurately given, it is not a transparency. 
But we can easily make it one Thin some good pale Canada 
balsam with benzine to about the consistence of eream ; 
and simply float it over the ground surface of your glass, 
pour off till the drop comes very sluggishly. Then reverse 
the glass so that the corner from which the balsam was 
flowing off be placed upward. Let the return flow reack 
about the middle, then reverse it again, and move it in 
several directions to get the balsam level. This may be 
done with very little practice so that the surface shall be 
undistinguishable from glass. We have now a perfect 
transparency. All that is required is twenty four hours 
for hardening (keeping the glass level) and then another 
square of glass fastened on to it by strips of paper at the 
edges, with small pieces of card at the comers to prevent 
contact, and it mjikes an admirable lantern transparency. 

*' For ol)t:«ining very fine points to my very hard leads, after 
cutting them very loner and even, and grinding them on 
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glass paper, I finish them on a sqnare of the finest ground 
glass, and with this beside one in making a deliciite 
drawing, a good, fine working point may be kept a long 
while." 

There is sometimes a diflficulty in procuring ground-glass 
fine enough for this purpose, and I therefore advise those 
who feel inclined to try this method of producing lantern- 
slides to prepare the glass themselves ; which is somewhat 
tedious, but by no means difl&cult. Or should they prefer 
it, they can purchase the glass at certain photographic 
warehouses, where it is sold for focussing purposes in the 
camera ; but it is rather expensive. The following direc- 
tions will enable any one to grind the glass for himself : — 

First of all, obtain a piece of glass which is both flat and 
perfectly free from bubbles and other flaws. Be careful, 
too, to cut it to the correct size at this stage of the proceed- 
ings, so as to avoid all risk of mistake in this direction 
after it has been ground. The glass is now fixed on a 
tiible or board by means of four pieces of wood, nailed on 
the board or table so as to clip its four sides. These 
wooden pieces must not be thicker than the glass itself. 
Now procure a piece of plate-glass measuring about three 
inches square, to act as a grinder. Failing this, a piece of 
ordinary sheet-glass can be employed ; but, as it will not be 
thick enough to afford a proper hold for the fingers, it 
should have attached to it a pneumatic india-rubber plate- 
holder to serve as a handle. 

Now take some flour emery and mix it into a thin cream 
with water. Put some of this on the glass, which you have 
fixed to the table, and place the grinder above it; rub the 
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latter over the former with a steady circular motion, taking 
care to cover every part in turn. This rubbing should 
be continued for about ten minutes, adding water if the 
two surfaces seem inclined to stick together too much, and 
occasionally collecting with a knife-blade the mud which 
oozes out between them, and putting it once more in the 
centre of the under glass At the end of the time 
named the glass can be lifted from the table, held under 
the tap for a few seconds so as to clea,n it, and care- 
fully examined by transmitted light. It will most probably 
show a fine grain, except in certain parts, which remain 
clear as before. These clear portions are depressions in 
the surface of the glass, which the emery has failed to 
reach. The grinding operation must be repeated as before 
until on examination these clear places have disappeared. 

It has occurred to me that Dr. Dallinger*s system of 
producing lantern- slides might be modified with ad van toga 
in the following manner. Coat the glass with varnish 
which dries with a mat surface, and practically gives the 
same effect as ground-glass itself. There are several 
recipes for such varnish, which is used by photographers for 
retouching purposes. Here is one which will be found 

effectual. 

Ground-Glass Varnish. 

Sandarac ... ... ... 90 grains. 

Mastic 20 „ 

Ether ••• ... ... 2 oz. 

Benzole ... ... ... ^tol^oz. 

The proportion of benzole added determines the nature of 
the mat obtained. 
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The Tarnieh is simplj flowed over the glass and allowed 
to dry cold, which it will do ia a very few minates. 
After it is thoroughly hardened it can be drawn upon 
with a pencil in the way described, and can then bo 
coloured with water colonrs tempered with ox-gall, as 
pointed ont. We can now make the picture transparent by 
the addition of another varnish, which must be of such a 
composition that it will not dissolve or in any wayact npon 
the surface already laid Qpoa the glass. Snch a varnish 
would be represented by one not containing benzine as a 
solvent for its gums. I have not tried this method myself, 
and so cannot speak from experience ; but I do not see any 
reason why it should not sacceed. 




CHAPTER Vra. 




PHOTOGBAPmO LANTEBV PICTURES BT THE WET PB0CE8B. 

ANTERN slides made by the wet process are 
certainly easier to produce than those made bj 
any dry method. It is a matter of opinion 
whether these are better in quality than their rivals on 
gelatine, &c., and I know that many believe that a far 
bettor effect is producible upon a wet plate than upon a 
dry plate. I myself am of the contrary opinion ; but still, 
as there may be many who may be inclined to try the old 
collodion method, my work would be incomplete if I did 
not give directions by which such slides can be pi-oduced. 

If the negatives are of the same size as the lantern 
plate ; that is to say, if they consist of quarter plate nega- 
tives, they must be reproduced by contact; and actual 
contact with a wet collodion film is of course out of the 
question. 

There is a method by which this difficulty can be ob- 
viated. Attach to the negative a couple of strips of note 
paper, 3^ inches apart; the collodion film can then rest 
{^gainst these paper supports by two of its edges during 
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the necessary exposure ; but in this case care must be 
taken that the plate is thoroughly well drained, for a drop 
of the silver bath solution, if allowed to get into actual 
contact with the negative, will inevitably spoil it. 

But those who advocate the wet process for lantern- 
slide work nearly always work from larger negatives 
with the camera, and by following the directions now 
given it will be found that very good results can be 
obtained. 

Place the negative to be copied in a suitable frame 
against the window. This can be done by fixing an ordi- 
nary printing frame (with the spring removed) against 
the glass, and by covering up the rest of the window- 
panes with brown paper, or some otlier opaque material. 
Then support the camera on a stand or table, exactly op- 
posite the negative, taking care that it is square with the 
negative and carefully focus the image on the ground glass. 
A focussing glass is a very great help in this work, for the 
image is often so dimly illuminated that it is difficult to 
ascertain whether it is sufficiently sharp or not. With 
regard to exposure, it is very difficult, in fact impossible, to 
lay down any hard-and-fast line. I can only say that 
with a negative of normal density and with a favourable 
light, the exposure should be about one minute ; but it is 
of course governed by the type of lens used, and the par- 
ticular stop employed with that lens. With a portable 
symmetrical of 5 -inch focus and using No. 4 stop, the 
exposure with a normal negative will be about that whicl 
I have indicated. 

But the great thing which ensures success in thia yr^ 
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is to use a proper developer and a bath which is in the 
right condition. This bath should be an old one ; that is 
to say, not a newly mixed one, — one, in fact, which would 
give very hard results fur ordinary portraiture. 

It should have a tmsAl quantity of nitrate of baryta 
mixed in it, say 3 grains to the ounce of bath. 

Develop with sulphate of iron sat. sol. ... 4 oz. 

Methylated spirit 4 oz. 

Add these to a Winchester quart of distilled or rain 
water ; and allow it to stand in the light for some hours, 
next filter it into a clean bottle, and add 4 drops of 
colocine. 

Just before using this developer add to it one drop of 
acetic acid per ounce. This addition ensures a very fine 
deposit, without it the deposit may be granular. The 
exposure should be so regulated that no subsequent intensi- 
fication is required, but if an error of judgment should be 
made the image can be strengthened by adding a drop of 
the silver bath to a little of the developer and flowing 
it over the plate. The glass used should be the 
best, and quite free from flaws of any kind. "Flatted 
Crown " answers this description. It should be care- 
fully cleaned and albumenised. The albumen should 
be flowed over one side of the glass only, and it should 
consist of the white of one egg to a pint of water, with 
the addition of one drop of carbolic acid. 

A quantity of broken glass should be placed in this 
bottle and the whole shaken up into froth, left to settle and 
then filtered through cotton wool. As the plates are coated 
witli this albumen mixture, they should be reared up to 
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draio, and dry spontaneously on a slip of blotting paper. 
The best collodion to use is "Mawson's Negative Col- 
lodion." The plates should be fixed in hypo of the usual 
strength, and should the image appear to be " dirty " it 
Ciin be rendered clear by being washed over with a solution 
of iodine and iodide of potassium. 

After fixation and after the plates have been thoroughly 
washed, they may be toned in a solution of chloride of 
platinum, — one grain to 4 ounces of water, and they 
should remain in this solution until the deposit is darkened 
throughout. 

Beginners very often fail in getting a good tone from 
pLitiiium, and complain that instead of darkening the 
image the salt has the opposite effect. They are recom- 
mended in some formula3 to add nitric acid to the toning 
bath, but this is useless unless the platinum salt be 
neutralised in the first instance. The proper mode of 
procedure is to break the tube containing the platinum 
crystjils (this chemiciil, like chloride of gold, is on account 
of its deliquescent property always sold in an hermetically 
sealed glass tube) into a certain quantity of distilled water. 
A convenient plan is to break a tube containing 15 grains 
into 15 drachms of distilled water : one drachm of the 
liquid will then represent one grain of platinum chloride. 
Test this liquid before use with litmus paper: if it show by 
the paper turning red that it is acid, we may be quite sure 
that it contjiins free hydrochloric acid, which will have a 
bleaching effect upon the photographic image. The liquid 
must therefore be neutralised by the addition of a few 
gmins of carbonate of soda, after which it must be 
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lendered suflB'^iently acid with nitric acid to slightly redden 
litmus paper. If the operator is careful to follow these 
directions he will have no diflBculty in toning his trans- 
parencies with platinum. 

We may summarise the order of operations as follows : 

Albumenise the glass. 

Dry. • 

Coat with collodion. 

Sensitise in silver bath. 

Expose. 

Develop. 

Fix in hypo. 

Wash. 

Clean with iodide solution if necessatj« 

Tone with platinum. 

Wash. 

Dry. 
The operations conclude with giving the film a coat of 
transparent varnish. Any good varnish may be' used, but 
care must be taken if the slides are to be subsequently 
coloured, that some varnish upon which turpentine has no 
action be employed; otherwise the turpentine used in 
colouring will most surely mingle with the varnish and 
ruin the picture. 

It is hardly necessary to add that the operations of sen- 
sitising, developing, and fixing the plate must be conducted , 
in a non-actinic (red) light, and that all precautions usually 
*aken in dealing with photographic chemicals must be 
observed. The directions are written for those who have 
resdv mas*^ered the details of such work. 



CHAPTER IX. 



LANTERN SLIDES ON DRY PLATES. 




HERB are many dry collodion methods which 
were originally designed for ordinary nega- 
tive work in the camera, but which have 
long ago been superseded by the far quicker and 
more certain gelatine process. Some of these plates, 
however, although they have been discarded for the 
main pui'pose of photography, are still used by many 
workers for the manufacture of lantern-plates where great 
speed is a matter of secondary importance. 

For many of these processes the silver bath is stiU 
required, the plate after being sensitised therein, being 
flowed over with some preservative solution, the function 
of which is to keep the pores of the collodion film in such 
a condition that it will not dry into a horny state, im- 
permeable to any developer ' which may later on be 
applied to it. As full particulars of these processes can 
be found in most photographic text-books, I shall content 
myself with giving here only a brief survey of them, 
reserving details of working for the more modern methods 
of producing lantern-slides on gelatine plates* 
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Many of these old processes differ only in the kind of 
preservative fluid applied to them, and from the nature 
of this preservative they usually are named. Thus we 
have the Tannin process, the Honey process, the Coffee 
process, &c. Taking the first named, let me cite it as an 
example of the others. 

The glass-plate which is to bear the picture is first of all 
carefuUy cleaned. It is then edged with india-rubber 
solution, albumen, or some other body which will prevent 
the film from slipping off the glass during subsequent 
operations. Next it is coated with ordinary negative 
collodion, to which two gmins per ounce of bromide of 
cadmium may be adv^antageously added. It should now 
be dipped in a silver bath which has been made distinctly 
acid, by the addition of a few drops of nitric acid. After 
thus sensitising the plate, it must be well washed to remove 
all free silver, after which the preservative is applied, — 

Tannin ... ... 35 grains. 

Distilled water ... 4 ounces. 

After the plates are dry they are ready for use, but will 
only remain gnod for a week or two. 

In another process which gives good results coffee is used 
as the preservative. In this case the biith can be made 
very acid, by the addition of one-fifth of its volume of 
glacial acetic acid. The pliite is edged, and sensitised in 
the bath, and is then flowed over with an infusion of 
ground coffee. After drying, these plates will keep for 
some months, and will give fine results. The development 
is brought about by a plain solution of pyrogallic acid. 



THE BOOK OP THE LANTERN. Ill 

say two grains to the ounce of water, and is afterwards 
strengthened by citric acid and silver. 

A far greater importance is attached to the next method 
under disscussion, by which the very finest results can be 
obtained ; but it requires, at every stage of the process, 
such great care that few in these days care to take it up. 
Still it has a commercial importance, and is known as the 
Albumen process. Here is a sketch of the operations in- 
volved in it. 

After the plate of glass has been rendered chemically 
clean it is coated with a film of albumen from fresh eggs, 
to which has been added some iodide and bromide of 
potassium. The plate is tlien inverted on its pneumatic 
holder, and revolved by means of a vertical cord attached 
to the bottom of that holder, so that by centrifugal force 
some of the albumenous coating is scattered, leaving the 
thinnest possible film on the glass. The plate is then 
dried, — as yet insensitive to light. Next it is immersed 
in an acid silver bath for about three minutes, and after 
washing with several changes of water, a preservative 
consisting of a saturated solution of gallic acid, is applied 
to it. Drying by gentle heat completes the manufacture 
of this form of plate. The development is brought about 
by a saturated solution of gallic acid, to which has been 
added a few drops of silver nitrate. 

COLLODIO-BROMIDE PROCESS. 

We will now give our attention to the beautiful 
Collodio-bromide process, a brief description of which is 
only necessary, for the collodion emulsion for the im- 
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mediate coating of the plates can be bought ready made, 
with full instructions for coating and development. 

This ii.ethod yields results which cannot easily be beaten. 
It was introduced about twenty years ogo by Messrs. 
Bolton & Sayce, and a number of good workers have 
since taken it up successfully. As its name implies, a 
collodion is employed containing bromide of silver, and 
although many might be deterred from attempting it, from 
the fancied diflBculties which it presents ; yet, in practice 
it is by no means a complicated process to work. It has 
certainly a great many advantages. When the sensitised 
collodion is once compounded it will keep for a long time. 
Plates can be coated with it — a dozen at a time if required 
— and after being dried by artificial heat are ready for 
immediate use. When the. printing from the negative has 
been performed, these plates, after development and a 
minute's washing, can be dried, and the slides are finished 
and ready for the lantern. 

A plain collodion is first of all made with high tempera- 
ture Pyroxyline, and the usual solvents, ether and alcohoL 
To this is added ammonium-bromide and citric acid. The 
silver is now dissolved in as little water as possible, and is 
added to the bromised collodion. The emulsion is then set 
aside to ripen for some hours, is poured out into a dish for 
the solvents to evaporate, and is then broken up into small 
pieces and washed in several changes of water, so as to get 
rid of the soluble salts which are not required. All these 
operations are, of course, conducted in non-actinic light. 
When these pieces have been finally drained as closely as 
possible, they are once more dissolved in the requisite pro- 
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portions of ether and alcohol, and, after filtering, the re- 
constructed emulsion is ready for coating the plates. They 
can be developed by a weak alkaline developer with pyro, 
or by the ferrous-oxalate method, which will be described 
later on, Mr. W. Brooks, of Reigate, has made a study 
of this process, and supplies the emulsion ready made. 
Messrs, Mawson and Swan have also lately advertised it, 
so that it is hardly worth while for the worker to make it 
for himself, 

WOODBURYTYPE PROCESS. 

This method yields results which cannot be sur- 
passed, but it may be looked upon more as a com- 
mei'cial process than one suited to the amateur worker, 
for it necessitates the use of expensive plant. I shall 
therefore dismiss it with a somewhat brief description, 
alVxiit my chapters on slide-making would hardly be com- 
plete without it. In the first place a relief is obtained by 
employing geLitine, containing one of the bichromates of 
the alkalies — bichromate of potnsh, for instance. This 
relief is placed upon a sheet of lead, and after the two 
have been fixed in a steel frame, they are submitted to 
hydi'aulic pressure, with the curious result that the tender 
gelatine film preserves its delicate outlines, but the leaden 
plate gives way, and these markings are pressed into it. 
This leaden plate then forms a mould of the future picture, 
its deepest parts representing the shades of that picture, 
and its higher parts the lights. This is placed in a special 
13ress, and a pool of gelatinous ink (made by dissolving any 
suitable pigment in a warm solution of gelatine and water) 

I 
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is poured upon the mould. The square of glass which is 
to bear the picture is placed on this pool of ink, and the 
pi*ess is lightly brought down upon all. The slide is left 
thus until the gelatine has had time to set, when the 
glass is lifted from the mould, and the picture in all its 
delicate details is left upon it. This beautiful process, 
which may be looked upon as the most perfect of all the 
mechanical photographic processes, was due to the genius 
of the late Mr. Woodbury, who, shortly before his lamented 
death, modified it so that it might be practised by ama- 
teurs. 

This modification is known as the Stann<jty2)e pro- 
cess, tinfoil being employed as a substitute for the work of 
the hydraulic press. The gelatine relief is attached to a 
plate of glass by a suitable cement. Its surface is then 
coated with india-rubber cement, and a sheet of ordinary 
tinfoil is placed above it. The whole arrangement is now 
pi,ssed between a couple of india-rubber rollers, such as 
are attached to a domestic wringing-machine, so that the 
tinfoil is forced into the interstices of the picture. We 
thus obtain a metallic-faced mould without the interven- 
tion of the hydraulic press, and this mould is afterwards 
treated with warm gelatinous ink, and prints t:iken off, as 
in the W(X)dburytype process. In the latter process, how- 
ever, a negative is employed to give the necessary relief, 
and in the Stannotype a p sitive. Both of these methods 
give the best results for pictures where there is not a large 
expanse of sky, or other high light; for in such a case 
a slight deposit of the pigmented gelatine is likely to spoil 
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the transparency of snch lights, and in a good lantern slide 
they should be represented by clear glass, 

TRANSPARENCIES ON COMMERCIAL GELATINE PLATES. 

For some inscrutable reason, it used to be the common 
opinion among those who ought to know something about 
the matter, that the gelatine process is unsuitable for lan- 
tern transparencies. The introduction lately of gelatine 
lantern plates into the market has done much to correct 
this error ; but still there are numerous persons who hold 
to the belief that the ordinary gelatine plate, such as is 
used for negative work, will not produce a good trans- 
parency. For years I have proved the contrary, and with 
regard to the quality of the transparencies produced, I have 
seen few to equal them. 

The first operator who turned out successful work of this 
character was Mr. Kennett, who has the greater honour 
of being the first to make gelatine plates a marketable 
commodity. His method of working was to employ a slow 
plate, to expose it under a negative in a printing frame for 
the fraction of a second in daylight, or for a longer time 
by lamplight, and to develop by either the alkaline or 
ferrous oxalate method. The plate was afterwards flooded 
with pyro and silver and toned with gold. 

The introduction of chloride plates, which give beautiful 
effects, may deter some from trying what can be done by 
ordinary gelatino-bromide plates. But for the amateur 
whose time is otherwise occupied during daylight, the latter 
process has many advantages. The chief one is that, while 

I 2 
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the exposure of a chloride plate to lamplight will occupy 
about three minutes, a bromide plate can be successfully 
exposed in less than three seconds, so that a number can 
be exposed in an hour or two. 

I have already pointed out how a reduced positive can 
be readily obtained from a negative by means of the 
camera. I will now suppose that the negative from which 
the transparency is to be taken, is on a :J^ plate, and, there- 
fore, the right size for the lantern slide, and that the pic- 
ture is to be printed by conta,ct in a printing frame. 
The requirements are a red lamp, a gas or paraffin 
lamp, which can bo r'^adily turned up and down, and a 
frame. 

As in most photographic operations, correct exposure is 
the main consideration, but whereas where daylight is 
concerned, this exposure is always difficult to hit upon, 
because the light varies so much under different circum- 
stances ; here, where we have a lamp to work by, we can 
measure its duration to a nicety. 

I m.ay mention here that there is a form of gas-Jbumers 
sold which is very useful in this work. It is fitted with a 
bypass, so that it is never actually turned out A blue 
bead of light remains, which is quite shielded from view, 
and this permanent flame ignites the full amount of gas 
when the stop-cock is turned on. The operation of print- 
ing a transparency consists in placing the negative in the 
frame, and placing upon it, film to film, a gelatine plate, 
measuring 3^ x 3J inches. The frame is closed, and is 
held, within a short distance of the lamp, which is turned 
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up for a brief period, and then turned down to darkness 
once more. But how must this period be measured ? In 
order to answer this question I must call attention to a 
certain optical law which I have attempted to put in the 
form of diagrams :— 




Fig. 38. 



Fig. 38 illustrates the manner in which the light rays 
from a candle strike out all round it like the spokes of a 
wheel ; but, for simplicity sake, the rays in one direction 
only are shown. Let A represent our printing frame held 
at 1 foot from the light source, and let us suppose that 
at that distance the plate contained in it will require one 
second's exposure. Now let us expose a similar plate at B, 
which is 2 feet from the light source, what exposure will 
it require? "Two seconds," the tyro will probably 
answer ; but he would be wrong, the plate at double the 
distance will require four times the original exposure ; at 
treble the distance, nine times the original exposure. In 
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odier words, " the ivtenniy of iUujrUnation on a given aur- 
face is ireoeridy aathe aqaareiffite ditUmce/rom thetoune 
ofUghL" 



.^Ailt:::^ 




riG. 39. 

Pig. 39 will perhaps make the matter etill more plain. At 
1 foot from the candle the square marked i receives a 
certain amount of light ; at ii, that light ia spread over a 
surface four times the area of the first ; and at ni over a 
surface nine times as large as I. This law, which is really 
of a very simple character, the operator should hare ccoi- 
stantly in bis mind, as he exposes his plates to artificial 
light under a negative. 

The method of development which I recommend is hy 
moans of ferrous oxalate, and it will be found that the 
transparencies produced by it require no toning whatever. 
I make my own potassic oxalate, and find it, moreover, 
reliable; the operation is simplicity itself. In a huge 
basin dissolve half a pound of carbonate of potash (salts of 
tartar) in a pint and a half of warm water. Now add 
gradually oxalic acid, a few crystals at a time, for the 
effervescence is very violent, and difficult to control if 
much bo pnt in at once. When six ounces of the crystals 



IHE BOOK 07 THE LANTEBN. 119 

have been so added, set the basin aside for an hour or two^ 
then stir its contents with a glass rod, and test with bine 
litmns paper, adding crystals of acid nntil the paper tnms 
slightly red. Add to the liquid 30 grsdns of potassic 
bromide, allow to settle, and bottle ofE for nse when clear. 

Bnt those who ydsh to avoid the trouble of making 
their own potassic oxalate can bny the crystals at any 
photographic dealer's, in which case its solution should be 
made with boiling water, and well stirred until all crystals 
have disappeared. One pound of oxalate will require 
just a quart of water to make a saturated solution. If 
more water be used, the solution will not be a 8€Uv/r(Ued 
one, and will, when mixed with the iron, throw down a 
muddy red precipitate, and be useless for developing pur- 
poses. The iron must be added to the potash, and not vice 
versa, or the same effect will be produced. I have found 
that with this developer it is always advisable to soak the 
exposed plate in water as a preliminary step. The gelatine 
surface then takes more kindly to the solution, and greater 
density is attained. 

The development should be carried on until the picture 
looks overdone, for it must be remembered that it has to 
be ultimately exhibited by transmitted lights and we view 
it in the developing dish by reflected light only, but hold- 
ing it up to the red light and looking through ii we can 
judge well when the developing action ought to be stopped. 
Now follows a rapid rinse under the tap, a few minutes' 
immersion in alum and water, and fixing in fresh hypo. 
If ordinary household water has been used, the film will 
show a milky veil. This is quickly removed by a ten per 
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cent, solution of sodic citrate, poured on and off, and gently 
rubbed upon the gelatine surface with a plug of cotton 
wool. This treatment is not necessary if rainwater is 
available. Messrs. Mawson and Swan supply an admirable 
plate for lant/cm-slide work. It can be used for reducing 
in the camera-, or for contact printing, and is amenable to 
more than one method of development. 

At one of the exhibitions this firm showed a specimen 
frame of four transparencies from one negative, — each 
developed by a different formula, and showing a difference 
of tint for each. 

I append two of these formulas : — 



A. — Meta Bisulphite Developer. 
B. — Carbonate Soda 



» 



I. 

Pyrogallio Acid 
Meta-bisolphite Potass 
Bromide Ammonium . . . 
Distilled Water 

IT. 
Liqaor Ammonia 
Distilled Water 



A. 



40 

120 

40 

20 



grs. 

n 
0Z8. 



24 drms. 
20 OZ8. 



Mix equal parts of A and B jast before asing. 



B. 



Pyro •«« ,,, 

Sodic Sulphite 
Brom. Potass... 
Hydrochloric Acid 
Distilled Water np to 20 ozs. 



... 40 gn» 
...180 „ 

... 40 mins. 



IL 



Carb. Soda... 
Sodio Sulphite 
Distilled Water 



1 oz. avd. 

1 

20 „ fluid. 



Equal parts. 

Bcrwren development and fixalion immerse plate in Sol. of Alum, 
1 oz. in 20 ozs. water, washing oarefolly before and after. 
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Messrs. Samuel Fry and Co., also make a thoroughly 
reliable lantern plate which is suited to both camera and 
contact work. It is amenable to more than one developer, 
but I prefer that in which hydrokinone takes the place of 
pyro. Here is their formula : — 

A. 

Hydrokinone, best quality „, 

Sulphite Soda ... ... ... 



••• ••• 



Broni. Pot. . 

Water — To make a total bulk of 



••• ••• 

••• ••• 



••• ••• 



150 


grs. 


440 


)) 


25 


)) 


20 


OZ8. 


900 


gra. 


900 


a 


20 


0Z8. 



B. 

Garb. Soda (not Bioarb.) 

Garb. Potass ... 

Water — To make a total bulk of 

These solutions do not require further dilution. 

Fob Use. — Take equal quantities of each. The mixed solution 
should be colourless, and can be used repeatedly, and until the 
developer fails to render details satisfactorily. 

LANT£BN SLIDES FROM PAPEB PBINTS — ENGBAYINGS OB 

PHOTOGRAPHS. 

There are certain main principles to be observed in 
copying a photograph, or any other kind of picture, if a 
satisfactory negjitive, fit for printing a lantern slide from, 
is to be expected. The copy should be illuminated by 
diffused light only, and should never receive the direct 
rays of the sun. A cloudless day is the best to choose, 
for then the light is regular, and when the exposure has 
been correctly calculated for the first picture, it will, during 
some hours of the day, be right for the rest. At least this 
is true, if we are copying a series of pictures of the same 
dimensions. But, if our first copy is, say, 12 inches across 
and our next one only c(irte de visite size — and we want to 
reproduce a negative of each, measuring 3J x 3J (the 
standard size for lantern pictures)) our camera muBt in the 
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latter cases be so mucli extended that the exposure mnst 
be proportionately increased. 

A picture under glass will seldom gire a good result 
for the surface will take up reflections from surround- 
ing objects, which may not perhaps be noticed on the 
focussing screen, but which will most surely become dis- 
agreeably evident in the negative. A highly glazed 
albumenized print is objectionable for the same reason, 
but can be generally coaxed into a position in which no 
mischief of the kind is apparent. Steel engravings have no 
gloss, but they seldom make good pictures for the lantern 
screen, their details being too fine. A first-class wood 
engraving is far better for the purpose, and as its value is, 
as a rule, not very great, it can be judiciously touched up 
before being photographed. Perhaps the artist of such a 
picture would be horrified at his work being thus interfered 
with, but the touching up indicated is quite legitimate. 
Let me further explain my meaning. Suppose that in one 
of our illustrated periodicals there is a representation of 
some current event which we want for our lantern. If it 
is an interior view, it will probably require no doctoring. But 
if a landscape, or a group of figures with a sky back- 
ground, then certain parts should be suppressed. The sky 
is not white, but consists of a number of parallel lines with 
clouds interspersed ; effective enough in the print, but not 
suitable for reproduction in an enlarged form. These lines, 
which seem to mingle so well, giving the effect of a general 
soft " tint," will on the lantern sheet look like what they 
really are — a series of detached bars right across the picture. 
To get rid of these lines, the outline of the figures, and 
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other objects which stand against the sky, shonld have a 
broad margin painted round them in Chinese white, leaving 
the main body of the sky to be blocked out with black 
varnish in the negative itself. 

I have done excellent work with Boss's portable sym- 
metrical lens No. 3 — which has a focus of 6 inches. Of 
course, other lenses will do well for copying, but if of 
longer focus, the camera must have an extending front 
fitted to it. Very few cameras pull out long enough to 
photograph a very near object, unless a short focus lens is 
employed. As a guide to exposure^ I may mention that 
in copying wood-cuts and photographs with the above- 
named lens, and using a &iirly-rapid gelatine plate, it 
averages 17 seconds with stop No. 4. It is as well to focus 
with full aperture of the lens, and to insert the stop just 
before exposure. One more hint. It" is sometimes very 
difficult to sharply focus a soft photograph which has no 
sharp lines in itself. The difficulty is obviated by affixing 
to the middle of the copy any little piece of printed matter, 
wetting it with the tongue for that purpose. Only be 
careful to remove it before exposure, or your negative will 
faithfully record the little dodge. 

It would seem a very simple mattier, to one who has not 
tried it, to fasten a picture upon a wall in a good light, 
stand the camera on its tripod in front of that picture, and 
proceed to copy it. But difficulties crop up when we want 
to reduce that picture to a certain size, and to keep the 
camera square with the copy, so as to prevent distortion. 
With head beneath the focussing cloth, the struggle to 
adjust the tripod legs is quite distressing. I myself found 
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SO much difBcttlty in getting the camera into the exact 
position required, that I constructed a special piece of 
apparatus for the sole purpose of copying. To this acces- 
sory, which works most perfectly, I now direct atten- 
tion. It is simple in constmction, and anybody who knows 
how to handle a few tools can pat it blether with ease. 
The amateur may prefer to employ a professional carpenter, 
but there is always a difficulty in getting the British work- 
man to make anything that is at all strange to him. Mj 
ndvice is, therefore, if you want the thing done well do 
yourself (see fig. 40). 
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A is a base board, fixed on legs, as shown. It will be 
evident that a spare table, or even the top of a packing- 
case, would do as well, but it must be firm. Upon this base, 
and fixed firmly to it, is a kind of railway formed by two 
parallel grooves. D is a skeleton carriage furnished with 
two runners at the bottom which will fit the grooves in 
A, so as to run easily to and fro. The carriage D is also 
furnished with grooves, and these are for the reception of 
the runners affixed to the super-camage, B. Upon B is. 
fastened the photographic camera, the camera screw being 
placed through the centre hole for that purpose. 

In use, the picture to be copied is pinned to the back- 
board, F, and I may mention as a detail of some im- 
portance, that the little bead-headed arrangements known 
to drapers as *' ladies' bonnet-pins " are best for the purpose. 
The camera is placed on E, E on D, and D placed on the 
rails of the baseboard, A. We thus have two separate 
movements at our disposal in getting the image of the copy 
focussed centrally on the ground glass. A furnishes the 
to and fro movement, and the grooves on D give the right 
and left movement. The board, F, runs between upright 
grooves, and thus we have a vertical movement. With 
this simple contrivance a picture can be focussed in a few 
seconds, and the camera all the time is bound to keep square 
with the copy. A 3 -inch circle drawn in pencil on the 
ground-glass of the camera is useful as a reminder of the 
size to which the picture must be reduced. 

Lastly, this useful contrivance can serve another pur- 
pose. We may wish to obtain a reduced positive on glass 
from a larger negativa. We can do this direct in the 
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camera bj placing the n^ative to be copied in an opening 
in the board, F, marked by a dotted line in the illnstra- 
tion. A conple of laths can then be placed above, so aa to 
rest at one end on the camera, and at the other end on the 
'top of the board, F. These laths will serve as a anj^tort 




for a dark cloth, which can be thrown over all. A sloping 
piece of white cardboard placed behind F (also indicated 
by a dotted line) will throw reflected light from the sky 
through the negative. I give no (Hmensions for this copy- 
ing machine, for the maker must be guided by the size 
of his camera, the focns of his lenB, and his general 
requirements. A componud frame for negatives of various 
sizes, as shown in fig. 41, makes this copying-machine 
complete. 



CHAPTER X. 



HOME-MADE GELATINE PLATES. 




LL makers of commercial gelatine plates put for- 
ward the quality of rapidity as being the one 
thing needful in modern photography, and ad- 
vertise their wares as being ten, twenty, or even sixty 
times as quick in operation as the old wet collodion 
process. Such rapid plates are not the best for trans- 
parency work, and as no maker will acknowledge that 
his plates are slow, — although opinions may be divided 
upon the matter, — and as slow plates are the most 
suitable for lantern slides, the operator who aims at the 
best work may wish to try his hand at making them for 
himself. Of the many formulae which I have tried for this 
particular purpose, I prefer that first introduced by Dr. 
Eder, which I have slightly modified. Gelatine plate 
making is by no means easy work, but the method which 
I am about to describe presents fewer diflBculties than 
most others. 

The apparatus required need only be of a yerj home^ 
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nature, and such, as can be found in most households. 
Here is the list : — An earthenware pot with a cover to it, 
of about one pint capacity ; a glass tumbler ; a preserving- 
pan or saucepan standing on a tripod, with a spirit-lamp 
or Bunsen flame beneath it; a thermometer, two glass 
stirring rods, a square of Berlin-work canvas, an earthen- 
ware colander, and a dish. In the earthenware pot put 
the following : — 

Gelatine 110 gprains. 

Potassio Bromide 62 „ 

(Ten per cent.) Solution of Salicylic Acid in Alcohol, i ounce. 

Water ... ... ... ... 2 onnces. 

I recommend the use of either Autotype, the Swiss, or 
Henderson's make of gelatine. After being weighed it 
should be cut up into strips with scissors and placed in the 
jar with the other ingredients. With a glass rod press 
down the gelatine into the water, so that every particle of 
it is wet and softened. Set aside for ten minutes to swell. 
Now half fill the preserving-pan with warm water, and 
place the flame beneath it. The thermometer should be 
placed in the pan, so as to check the temperature, which 
should not be allowed to rise about 96° Fahr. Place the 
pot containing the gelatine in the water, taking the precau- 
tion to put a piece of thick paper beneath it, so that it 
does not actually touch the heated bottom. 

The gelatine will very gradually melt, and the opera- 
tion may be hastened by an occasional stir with the glass 
rod. Even when it becomes quite limpid, little particles 
of undissolved gelatine may be floating about in it 
and these should disappear before proceeding further, or 
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they will form insoluble particles, which will lead to 
diJQBcTilties later on. In the glass tumbler place — 

Silver nitrate — 77 grains. 
Water 2 ounces. 

The common tap water employed will, on account of the 
salts which it contains, turn milky in appearance when the 
silver is added. This is of no consequence. The crystals 
can be crushed under the water by anotber glass rod, 
and complete solution will soon be effected. (The tyro 
must be most careful to keep each stirring rod distinct, or 
he will spoil the entire work.) When the crystals have 
all disappeared, pour into the silver solution, drop by drop, 
some strong liquid ammonia, stirring the solution vigorously 
all the time. The liquid will turn cofEee-coloured, owing 
to a precipitation of silver oxide, but as more of the 
ammonia is added this precipitate is redissolved, and the 
solution becomes as clear as ordinary water. Only just 
sufficient ammonia should be added to accomplish this 
result. Now place the glass tumbler in the pan beside 
the vessel containing the gelatine mixture, and leave it 
there to warm for about fifteen minutes. All the fore- 
going operations can be conducted in the full light of day, 
but now, when the two solutions have to be blended to form 
a sensitive emulsion of bromide of silver, the light of the 
red room only must be called into requisition. 

The flame beneath the pan, or water bath, is now no 
longer required, so let it be removed. Take both the gela- 
tine and silver vessels from the pan, and place them on the 
table. Now stir the gelatine briskly, and add a small 

K 
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portion of the silver solution at a time, until all of it is 
transferred to the earthenware pot. Wash out the silver 
glass with half an ounce of water and add that too. The 
newly-formed emulsion should now look like cream. Place 
the cover on the jar, and put it back once more in the 
warm water (without any flame beneath it) for fifteen 
minutes. At the end of that time pour it out into a dish 
or plate to set, and cover it over so that neither light nor 
dust can trouble it. This will complete the first stage of 
plate-making. 

In a few hours, — according to the general temperature, 
— the emulsion will have set into a firm jelly. It must 
now be washed to get rid of certain extraneous matter 
which has been formed and which is not wanted. The 
silver nitrate has combined with the bromide of potassium 
to form silver bromide, — the required salt, which is sensi- 
tive to light, — but at the same time nitrate, of potassium 
(saltpetre) has also been formed, and must be eliminated. 
As this latter is soluble in water, while the silver bromide 
is insoluble, the matter is not a difficult one to accomplish. 
By dividing the jelly into shreds, and putting it into 
several changes of water, this universal solvent gets to 
every side of it, so to speak, and the saltpetre is quickly 
got rid of. Scrape up the jelly with a silver spoon, or a 
slip of glass, and place it in the middle of the square of 
canvas, which has been previously wrnng out in water. 
Gather up the ends so that the jelly forms a ball confined 
within the canvas. Now place in a large pan of water, 
and squeeze and twist the canvas with the hands (under 
water) so that the jelly is forced through the meshes of tha 
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fabric Hke so mucli yermicelli. It will presenilj sink to 
the bottom of the pan. Now poor ofE the water above it, 
and fill up with fresh. Let the pan rest for fiye minutes, 
and repeat the operation half a dozen times. The emulsion 
must now be strained. 

A square of cambric, the size of a handkerchief, is 
squeezed in water, and put in the colander, so as to form a 
lining to it, with the corners hanging outside. Pour the 
divided emulsion into this, when most of the water will 
at once run ofE, and still more may be made to do so bjr 
gathering up the comers of the cambric in the hands and 
gently squeezing the pudding-like mass. Once more open 
the cloth, and pour into the contained emulsion an ounce 
of methylated spirit. Again squeeze up the cloth, after 
which the gelatine shreds can be spooned up, placed in a 
clean jar, and tied over with a light-tight cover. So ends 
stage number two. 

There are many who say, with much truth, tiiat the real 
difficulty of plate-making begins after the forgoing opersr 
tion of making the emulsion, for a great many £edl in the 
mechanical work of coating the plates, which is the next 
and final operation. . Before this is attempted the decks 
should be cleared for action. The operator must have on 
his table a carefully leveUed piece of slate or plate glass, 
large enough to contain at least one dozen plates, laid 
edge to edge. He will also want a jug with a good lip 
from which to pour the emulsion, a glass rod to guide 
it over the plate which he is coating, and a pneumatic 
holder. The jar of emulsion must first of all be placed in 
the water bath at the old temperature of 96° for an hour 

k2 
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or two, during which time it can be conveniently stirred 
once or twice (by red light only, of course). If the cover 
of the jar be really light tight, this melting operation can 
go on in daylight, and at the same time the glass to be 
coated can be cleaned. Polish each glass with a little 
whiting and water, and when dry rub the side to be 
coated with a leather damped with spirits of wine. This 
will counteract any repellant action when the emulsion is 
applied to the glass surface. When all the glasses have 
been so treated, wrap them in packets of two dozen each, 
in clean pn.per, prepared side upwards, and put them on 
t:ie kitchen hob to warm through. (This latter precaution 
is only necessary in cold weather.) The emulsion must 
now be filtered. 

The best form of filter is a lamp chimney with a flange 
on its lower orifice, over which a piece of damp wash- 
leather (which has been washed in soda and rinsed in 
many changes of water) can be tied. When all is ready 
for commencing to coat, this filter is held over the mouth 
of the jug (both should be rinsed out with warm water 
the instant before), and the emulsion is poured steadily into 
its upper opening. In a minute it will run through the 
leather into the jug below, and will be quicker in its move- 
ment if a pressure of air is kept upon it, by applying the 
lil3S to the upper end of the glass. Now comes the coating 
difficulty. 

Let the ojxjrator seat himself at his table so that the 
slate or glass siab is between him and the red light. 
Place the glass rod in the jug of emulsion, and when in 
the act of pouring keep the rod back with the thumb of 
the same hand that is holding the jug. Take the topmost 



THE BOOK OF THE LANTERN. 133 

glass plate, fix it on the pneumatic holder, hold it level, 
and pour a small pool of emulsion in its centre. By inclin- 
ing the plate a little, the pool will run to the two farther 
corners, and can afterwards be guided across the whole 
plate with the help of the glass rod. The plate is then 
slid on to the slab, where it will speedily set, and the glass 
rod goes back into the jug. Each plate is treated in the 
same way until the slab is full, by which time its first 
occupants will have set, and can be reared np to dry in 
shelves, or a proper drying cupboard. The glass chosen ' 
should be as thin and as free from bubbles as possible, and 
can be of the standard lantern size, 3^ by 3^ inches. But 
as experience is gained the operator will find it mor^ con- 
venient and economical of time to coat plates 6^ by 6^ inches, 
which can afterwards be cut across twice with the dia- 
mond, to form each four lantern slides. 

GELATINO-CHLORIDB PLATES. 

My own favourite process for lantern slide making is the 
gelatino-chloride, which has many good points to recom- 
mend it. It is suitable only for contact printing, there- 
fore the negatives used must be small ones only. Capital 
chloride plates can be purchased nowadays ; but for those 
who prefer to make their own, I can confidently recom- 
mend the following formula : Mix up the three solutions 
— A, B, and 0. 



A C Gelatine 

^ I Water (distflled) .. 

•p \ Silver Nitrate .. 

^ ( Water (distilled) .. 

1^ ( Ammonium Chloride 

^ I Water (diatilled) .. 



••• 



. 800 grains. 

4 oances. 
. 240 grains. 

4 oanoes. 
. 100 grains. 

2 onnces. 
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Melt by heat, but not above 120^ Fahr. Then in a 
yellow light, pour B into A, stirring rapidly all the time, 
and finally adding 0. Allow the emulsion thus made to 
remain for one hour, at the temperature already stated, 
and then put aside in a dish to set. The washing, filtering, 
and coating operations are the same as those described for 
bromide plate making. The bright yellow light allowable 
is a great help to comfortable working of this process. 

Chloride plates are useless, on account of their slowness, 
where a slide has to be reduced, by means of the camera, 
from a negative larger than itself. Nor do I advise the 
amateur to adopt them unless he can work by daylight, 
or is fortunately situated like one I know, who lives oppo- 
site to an enterprising tailor who displays an electric arc 
light in front of his door. For the chloride plate ia most 
insensitive to yellow light, such as that afEorded by gas. 
For this reason, most commercial makers advise that the 
light chosen should be that procured by burning an inch of 
magnesium wire at a distance of so many inches from the 
printing-frame. Tliis advice is not difficult to follow, but 
it is very difficult to make two pieces of wire give out 
exactly the same amount of light ; for magnesium wire has 
a habit of dropping down in a languid manner under the 
influence of its own he.it, and going out suddenly when it 
ought to shed its radumco abroad. With diffused daylight 
all is plain sailing. The neg-ative, with its chloride plate 
in contact with it, is exposed, say, for three seconds to 
daylight, and is then dropped into the developer. Here 
is a good one, devised, if I remember rightly, by 
Mr. Edwards: — 
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1 


C Neutral potassio oxalate 


.•• 


••• 


2 onncea. 


A 


< Sal ammoniao 


... 


••• 


••• 


40 grains. 


1 


C Water (distilled) 


... 


••• 


••• 


1 pint. 


( 


r Iron Bulphate 


••• 


••• 


••• 


4 draohms. 


1 
B 


S Citric acid ... 


••• 


••• 


••• 


2 


J Alum 


••• 


••• 


••• 


2 


1 


L Water (distilled) 


••• 


••• 


••• 


1 pint. 



For use, ponr a portion of B into an equal quantity of A. 

If the operator is accustomed to the ferrous oxalate 
developer pure and simple, he will find that it will deyelop 
this description of plate, but it is better for being restrained 
with a few drops of 10 per cent, solution of sodic citrate. 
Whether he use one or the other, let him be particularly 
careful in the matter of cleanliness of fingers. A hypo- 
defiled finger will spoil the developer instantly. To avoid 
this disaster, — the potency of which I have learned by 
sad experience, — I have adopted the following method of 
working : — 

I use a brilliant yellow light, so I/hat I can work comfort- 
ably, for chloride plates are, as already stated, insensitive to 
yellow rays ; the developing tray stands in front of it, and at 
one side is placed a large tray filled with water, to which a 
little alum solution has been added. Hypo is^ for ^ pr^ 
sent banished from the scene altogether, I expose my plate, 
and put it into the developing solution. In a few seconds 
the picture flashes out in the unceremonious maimer com- 
mon to chloride plates. I hold it up to the light, look 
through it, and find that it is but a ghostly image after all. 
I expose another plate in an adjoining room, and put it by 
the one which is in course of development, and which by 
this time has most likely gained sufficient density. If it 
has, I wash it for a few seconds under the tap, and drop it 
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into the alnm tray ; and so on, until perhaps a coaple of 

dozen plateti have been treated in the same way. I then 
light my gas-lamp, mix np a tray of fresh hypo, largo 
enoagh to accommodate half a dozen plates at a time, and 
proceed to fix my plates. They flx rapidly, and aa fast aa 
they are done, back they go into the weak alum solution, 
until, when the batch ia fioishod, I proceed to wash them. 
This I do by placing them in a metal rack (see fig, 42), 
and changing the water occasionally during an hour or so. 




Fig. 42. 
0EN8BAL CONSIDEKATIONS^INTEHBIFIINO AND HOUimitO. 

Hitherto I have said nothing with reference to the best 
kind of negative for lantern slide making ; the worker will 
find out, after a few triula, that some of hia negatives wiU 
yield, without much tronble, a first-class result, whilst others 
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seem reluctant to give anything but a verj poor trans- 
parency. A really good negative will give a good print 
on paper, glass, or indeed on any other .possible material, 
but at the same time a negative, which from its thinness 
would require special management in ordinary printing on 
albumenised paper, will yield a fine transparency on glass 
with half the trouble. In other words, a negative taken 
purposely for lantern work need not be so dense as one 
destined for the ordinary printing-frame. The precautions 
used in dealing with a thin negative in the one case, must 
be observed in the other ; for inst-.vnce, the careful printer, 
in producing a paper print from such a negative, will take 
his frame far from the window of his room, and give it a 
very protracted exposure, and, by coaxing it in this way, a 
good dense print is obtainable. Exactly the same treat- 
ment is necessary in producing a lantern-slide from the 
same picture. Instead of holding the printing-frame a foot 
or two from the gas-burner, as already recommended, let it 
be removed 6 feet away from the flame, and be given a 
greatly-increased exposure by the rule already indicated. 

I have advised that the focussing-screen of the camera 
should be marked with a 3-inch circle, to which the 
picture should be limited. A still more efEective plan, 
however, . is to cover the ground-glass with a oard- 
board mask, having a 3-inch hole in its centre, which 
can be placed in situ when required. The operator can 
then see at a glance whether his picture is nicely composed, 
and will have a very good idea of its ultimate appearance 
as a lantern-slide on the sheet. Most photographers carry 
into the field with them more than one lens, and it is espe- 
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fri&riT ijecessafj diA^ be wiii:€e iJcg^dTPs are mtended to 
jjfzA LiUj*Tnrpi:t?ir^ 'if » "mif-irzL size sLoold 4> 30. Tbe 
b^'ir.ner U. perhaps, n.t Iii-rlj k- see trie adT^zicage of this. 
I>:t me print in r-t. S:Lpp:€e tiiAu he h^ foeoased the 
irrjii^e of 5*0 ine tt^t*:-!-;: -i^.^^ac^. azi?i ^ii'ls to his chacrrm 
trj*t the bTLLl'iin^r f II4 10 ill tKe i>r«:<s*Tr-fcel tirircle. and that 
the airroTiiidir^ foliriere -iii'l otLer a*^>rss:ries wLioh reaDT 
make up the bea^tv or t?_e &>r:ie. se pre«^atei to the eve, 
;»re "f^ir. £»r aw&v."' His nifcr:LrJ :n::.'i.'<e woald be to 
Ot-rry r.L« ^,-simen» f^rtLer rr'-.-m *Le objeijrt, bat a bli^nk mil 
}tf:\:\zA fiim forbi-'ls hiiri to d-j this. But with a shorter 
ff/:ir.'\i: '..:-.. "w-hk'h shoild screw into the tiansre dtted on his 
earner*, tr.e hC'rA^T-.z cr»!i he im media telv remedied, and 
he can |ir'^>«:*.";d on Lis w;* v rej- li-.-ini:. Triis same diificnltj 
han tj*:':nTT^A to me t:r::e fitter time, in the case of 
c^Mintrv chLi.-'^.-lie's Ji;»viiii' -nrJl barial-sToands shut in on 
every .-.i'hi by foliaee. Fr»jra no point can a view of the 
build in jr y^t frxrns.se^l on t.e irbfss except by using a lens of 
very nhort ffjfmn. Very '»ft'rri the conditions are reversed, 
and tljc phot^^^rapLer finds Lin. self l.»*,f' 're a scene with some 
o\niUu:\e in front of him which forbids nearer approach, 
and the imajre on the focussinir scrt* en is quite insignificant. 
Here the obvious course is to screw off the front lens of his 
cfHfibi nation, and to treiit the btck one as a long-focns 
Hingh? h;nH. Of course, the camera must be extended to 
douUe its normal length, and no amateur should ]x)ssess a 
camem that will not do so, should occiision require it. 

Tlio most exi^jrienced workere often obtain a negative 
full of brilliiwicy and deb'cate detail, but with a very thin 
Rky, a Hky Br> thin that if a L&ntem-slide were taken from 
it raw, HO to H|K»ik, wc should have in it a very good repre- 
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sentation of a November fog. There are seyeral ways of 
obviating this difficulty. In exposing it before tbe gas- 
flame it should, like all thin negatives, be taken several 
feet distant, so that the time of exposure may perhaps 
extend to twenty seconds or more. During this time keep 
the sky portion covered with a piece of card which has 
been cut in Vandykes all along the edge next the horizon, 
but do not keep it still, but in gentle movement. This 
plan gives a clear sky, with the effect of a slight haze over 
the horizon, — ^an effect, I need hardly say, frequently seen 
in nature. Indeed, this hazy effect can often be extended 
to the landscape itself, with the most charming effect of 
atmosphere which an artist could desire. 

Another plan of treating a thin sky is to furnish it with 
clouds by the following simple method: — Paste over the 
glass side of the negative a piece of white tissue paper. 
When this is dry, hold it up to the light, and mark upon it 
the position of the horizon and the outline of any trees or 
other objects which may appear against the sky. Now, 
with a stump and a black pigment (such a pigment for use 
with the stump is sold by most artists' colourmen, — I do 
not know the name) rub in masses of cloud, taking care 
that their edges are ill-defined and fleecy. By this means 
a flat, tame-looking negative can be made to yield a beau- 
tiful picture. Any water in the composition can be treated 
in the same way, for it must be remembered that water 
reflects clouds as well as anything else. Where the sky is 
dense enough, but contains pin-holes or other blemishes, 
Bates's black varnish, painted on the plain glass side, is the 
best remedy; or the faults can be delicately stopped out 
by ordinary India ink on the film side. Where there is a 
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\s%^^f: expanse of akv. the ''^iielv<f:s*i^ mecbod is to eiun. 

it a pift^;f: of orari:r'=r-o».'L'jT.r»iii p^per with a jaeijed edge. 

A Ian torn iilid-ir, oth-erwiae perfect, will sijinetimes le- 

qaire a little strengthening'. I believe that the best 

jt\(-t\if/\ of inten-^ific.jti'jn is that long ago published by 

Mr. EncrlanrL Here it ia : — 

Xercaric bi-cLIoride corrotfire aablioiate) ... | ox. 
Hal ammoriKic ... ... ... ... \ m 

VV &L^A ... ..• *.- ... ... ••• X«tf M 

^Diaaolvo. and mark " Poison.") 
The pictrire, after well soaking in plain water, is im- 
mersed in this mi.vture, iti whieh it will first torn grey, 
and f>ft'.-rw';*rrl.s quite white if k-ft long enough. The 
white stage should not U* rr:n:he«^l nnLess a very great 
a^lditional inten.sity is re^|ui.site. Remove from the solu- 
tir»n, wash most thorou:rhIy under a tap for three or four 
ininubrs, nnd immerse in tlie following solution, which will 
almost immediately turn the film to a brown black: — 

\i\i\. ammonia-fort ... ... ... ... \ drachm. 

Wiiior ... ... ... ... ... ... 6 onnoeB. 

Rinse undrr the t;ip, and the openition is complete. Many 

peoj)l(} ol;j(;et to the use of the mercuric salt, on the 

ground th;it it is unstable, and that the picture will nlti- 

mattly fade. 1 have not found this to be the case if the 

washing op(Tation Ix; thoroughly carried out, but as a rule 

I Hhould give an intensified film a protecting layer of 

varnish. i'revcMition is letter than cure, and the amateur 

HJiould (;nd»;av()ur to produce pictures tliat will require no 

dtM'f^irifiLf. 

WIm-u ill • hintern inmsparency is complete it must be 

niountiHl Uforc it can be considered out of hand. It is as 
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well to try it in the lantern first, in order that any little 
blemish not before detected can be remedied. Any little 
clear spot where a clear spot has no business to be can be 
touched with India ink. If the picture is to be coloured, 
the slide need not be so firmly bound up as one to be used 
plain. A cover glass, separated from the photograph by a 
paper mask, with a round, square, or cushion-shaped open- 
ing, and fastened with one or two slips of gummed (stamp) 
paper, is quite sufficient until the artist is ready with his 
palette and brushes. But if the slide is to be exhibited as 
a plain photograph, it may as well be bound together as it 
is to remain. For this purpose we require slips of gummed 
paper fourteen inches long by three-eighths of an inch 
broad. The paper (black needle paper is the best) should 
be gummed before being cut, and one sheet will provide 
for about a hundred pictures. Mix powdered gum arabic 
with one fourth its weight of loaf sugar, and add sufficient 
water to make a thick mucilage. Paint the paper liberally 
with this, and hang it up to dry. When dry it can be cut 
into slips of the above size. 

To mount a picture, damp one of the slips of gummed 
paper, and put it sticky side upwards on the table before 
you. Now take a slide, duly fitted with its black mask, and 
a cover glass, all perfectly clean and free from dust. Hold 
the combination tightly between the fingers, and bring one 
edge down on the end of the gummed slip. Now treat the 
slide as a porter treats a heavy box, — turn it over and over 
along the slip of gummed paper, so that each edge will 
take up its quantum. Now carefully fold down the edges, 
neatly adjust the corners, and the thing is done. 
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The black masks can be bought ready cut at about three- 
pence the dozen, or the worker can cut his own if he prefer 
it. Zinc patterns are sold for this purpose, together with a 
clever cutting tool, which consists of a little steel wheel set 
in a handle (see fig. 43). The pattern is placed above the 
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paper to be cut, the little wheel is run round the opening 
in the zinc, and a cleanly cut mask is the result. A sheet 
of glass is the best bed upon which to lay the paper when 
cutting it. The gummed slips can also be bought, but 
those who prefer to be self-dependent will make their own 
in the way described. 

Not long ago I compared one of my slides with a wet 
plate — one taken from the same negative — by a first-rate 
operator, who is used to this class of work, and hardly 
does anything else. He was bound to admit that the 
gelatine picture was the better of the two, and said that he 
should think of relinquishing his bath after seeing what 
gelatine plates could do. I advised him to do no such 
thing. A wet plate is so certain in its results, that an 
unskilled hand, if he be furnished with the materials, can 
produce picture after picture without diflBculty. I cannot 
say the same of gelatine plates, for they are such ticklish 
things that oftentimes something or other will go wrong. 



THE BOOK OF THE LANTERN. ' 143 

But for tHe amatexir -worker, to wHom a few fEolnres are 
not of any great moment, gelatine plates are best adapted. 
The silver bath, mth its concomitant stained fingers and 
spoiled linen, is, I think, best left alone, unless the ama- 
teur adopts it as a necessary part of his photographic 
education. 

Those amateur photographers who are used to the work- 
ing of bromide paper, can produce lantern slides by an 
easier method than any of those just reviewed, namely, by 
means of the transf erro-type paper which has lately been 
introduced by the Eastman Company, and with which 
many succeed in producing very fine lantern slides. This 
paper is coated with identically the same emulsion as that 
employed in the well-known bromide paper, and therefore 
the amateur has an advantage at the outset, of working 
with a medium to which he is accustomed j its develop- 
ment being the same as that of the ordinary bromide paper. 
It consists of an insoluble sensitised emulsion which is 
applied to paper having a soluble substratum of gelatine. 
The tissue is exposed under a negative to gaslight for 
the requisite time, and according to the densiiy and 
other peculiarities of the negative in question ; and is then 
developed in a ferrous-oxalate solution in the ordinary 
manner. It is then transferred to a piece of plain glass, 
which should be free from bubbles and other blemishes, 
while wet, being placed &ce down on the glass, and 
squeezed into contact. As much moisture as possible is 
then removed by the application of blotting paper. In 
about half an hour it will be ready for stripping ; but may 
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be left if preferred until the tissue is quite dry. The glass 
and its print is placed in a dish containing water at 
the temperature of about 110 degrees if the print is wet; 
but should the print have been allowed to dry, the ^water 
must be some 1 degrees hotter. After allowing it to soak 
for a couple of minutes or so, the paper is raised at one 
corner, taking every precaution not to injure the sur- 
face; when it will readily separate from the film. The 
plate bearing the picture is then put into a solution of alum 
for a minute, and is placed in a rack to dry. Upon ex- 
amining a lantern slide so made, a slight granular appear- 
ance is observable in the high lights and the sky ; but this 
is not apparent when the image is projected on the lantern 
screen. The picture will have the usual grey tone, which 
is associated with ferrous-oxabte development; but it can 
be turned to a rich brown by the fallowing treatment : — 

. C Potassium ferricyanide ... ... ... 100 grs. 

(.Water ... 24 ozs. 

^ C Uranium nitrate ... ... 100 grs. 

(Water 24 ozs. 

Take equal parts of A and B and immerse the print in 
the mixture until tlie tone changes to the tint required. 
Then wash thoroughly and immerse for five minutes in a 
freshly made-up solution — hypo, three ounces ; water, six^ 
teen ounces, wash. The prints that will best yield to this 
ftfter-treatment are those in which the image is from any 
cause rather weak ; for this final bath not only alters the 
tone, but acts as an intensifier. 



CHAPTER XI. 

ON COLOURING PHOTOGRAPHIC TRANSPARENCIES FOR LANTERN 

SLIDES. 




N giving directions for colouring lantern trans- 
parencies, I am quite aware that many persons 
will say at the outset that a good photograph is 
better without any colour at all ; on the principle, I suppose, 
that " good wine needs no bush." 

I quite agree with that opinion, and in colouring a trans- 
parency of good quality, I should be inclined to describe 
the operation more as tinting ; for the common method of 
colouring by which photographs are blotted out and 
drowned in a mass of pigment is simply atrocious. I 
lately saw a photographic transparency for a lantern, which 
was very beautifully and tastefully tinted, evidently by an 
artistic hand. 

The owner of this picture saw no beauty in it, but com- 
plained to me that he paid a long price for this thing, and 
there was hardly any colour on it, just as if payment ought 
to go by the amonnt of pigment stuck on the glass. 
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In the first place, the worker must consider which of 
his pictures will be benefited bj a coating of colour, 
for some subjects are very much better left alone, 
and shown as untouched photographs. This is especially 
true of such pictures as exhibit a mass of detail entirely 
covering the glass ; a woodland scene, for instance, with 
tangled masses of branches and underwood, and ferns in 
profusion. On the other hand, if the subject be an open 
landscape, with more than half of it consisting of white 
sky, it is undoubtedly improved by being tinted. The 
white sky receives, witli great benefit, its natural tint of 
blue, relieved by masses or feathery tufts of clouds, 
which, if carefully introduced, can be made to look very 
like the real thing. 

In the directions that I am now about to give, it may 
therefore be tukeu for granted that all colour is to be put 
on most sparingly, and that its amount must not be suffi- 
cient to obliterate the least detail in the photograph. Of 
course, if a bad photograph is to be coloured instead of 
being thrown into the dust-hole, — which latter is by far the 
better course, — colour can be piled on to it to hide its 
inherent defects, but this is only justifiable when the colour- 
ing is a necessity, and there is no time to procure a better 
photograph. , 

Let it be understood that this work of colouring lantern 
transparencies is not easy. It not only requires a steady 
hand and good eyesight, but it wants artistic perception 
also, — at least, to do it well. I do not sjiy that a knowledge 
of drawing and painting is absolutely necessary to the slide- 
paiuter ; but it is certain that he who understands the use 
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of any kind of colours, and has some knowledge of the way 
in which they can be combined to form different tints, will 
paint a slide very much better than one who is without 
that knowledge. Should he be quite unused to working in 
colour, he had best begin by procuring some book upon the 
general theory of colouring, so that he may understand the 
difference between a primary, secondary, and tertiary tint, 
and may learn how to combine them tc^ether. There are 
plenty of such books to be had, and very often the infor- 
mation is comprised in some of those useful little manuals 
on water-colour painting which can be had of most artists' 
colourmen. I say water-colour painting advisedly, for the 
art of slide-painting partakes more of that kind of art than 
any other ; for the reason that it deals with transparent pig- 
ments. But do not let it be imagined that I recommend 
water colours for the work in hand. I know that some 
writers have advised their use, and there is more than one 
manual which describes how slides can be painted in water 
colours. The process may possibly have answered under 
the old conditions, when the majority of lantern slides were 
made by the wet process, and when the artist had a layer of 
collodion to paint upon. But most of my readers will wish 
to colour their own productions ; and as these will probably 
consist of gelatine pictures, which any application of water 
will blister, I wiU at once reject that method of painting as 
being inadmissible. 

First, I will make a few remarks with regard to the 
apparatus required, which is of the simplest description. 
A retouching desk will make a good easel (see fig. 44), or, 
failing this, one can readily be made by using a sheet of glass 

L 2 
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iiua frame. A small school slate meaaurmg about Bhj 6, 
with the slate knocked oat, and a piece of window-glass pat in 




Fig 44. 
its place, makes n very good easel for slide -painting. Thia 
should be hinged on to a base board with a stmt at one 
side, 80 as to keep it at a convenient slope tor working. A 
sheet of white paper placed on the base board at the btok 
complet«8 the arrangement. 

Beyond tlie enael we shall require a palette, and a white 
tile answers the purpose as well as anything else ; some 
brushes, a few colours, a sheet or two of white tissue paper, 
and a piece of linen cloth upon which to wipe the brushes. 
One or two bottles containing different media will complete 
the list. The coloars employed are those used by artiats 
for oil painting, and which are encloaed in collapsible metal 
tubes. But, unlike the oil painter, the lantern-slide aHast 
is confined to the nse of those colonrs only which ara 
aaturally transparent. To make this clear, let us snppoae 
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that any one ignorant of the subject were to attempt 
to use -such a colour as vermilion, which is opaque ; it 
would appear to be of the usual vivid scarlet when seen on 
the glass, but seen through the glass, it would simply be a 
black patch, because the light cannot filter through it. 
This being the case with all the opaque colours, we there- 
fore discard them. I now annex a list of colours which are 
at the disposal of the slide-painter, and which are all more or 
less transparent. They are not all actually essential, but 
still the artist will do well to procure them, as they will 
give him an immense variety of tints ; — 

Prussian Blue Brown Madder 

Indigo Rose Madder 

Italian Pink Purple Madder 

Raw Sienna Crimson Lake 

Yellow Lake Ivory Black 

Chinese Orange Burnt Sienna 

Neutral Tint McGilp. 
Brown Pink 

It will be noticed that there is only one brilliant blue in 
this list, that is Prussian blue. For landscape work this 
blue is used, perhaps, more than any other colour ; for skies 
always, and it enters into the composition of the various 
greens, and forms useful tints with most of the other pig- 
ments. It is not the colour which an artist would choose by 
preference with which to depict the tender tints of the sky, 
for, truth to tell, it has a greenish hue, and is rather cold 
and repellent in character ; but it is really the only blue 
which can be laid on the glass in a flat, even tint, and 
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therefore we must make the best of it, such as it is. We 
have a far larger choice in yellows, for no less than four of 
the colours quoted are, in spite of their names, yellow in 
tint. These are Italian pink, the most useful of all ; 
Raw sienna, not nearly so pure a colour; Yellow lake, 
rather a difficult colour to work with ; and Chinese 
orange, a most valuable and rich tint. Brown pink may 
also be described as a yellow, and brown madder has also a 
great deal of the same colour in its composition. The reds 
represent a great difficulty to the slide-painter, for, although 
they appear to be very rich when spread on canvas, they are 
very weak colours when we come to look through them in 
a transparency. It is next to impossible to produce a real 
scarlet as a transparent colour, but the nearest approach to 
it can be made by using Chinese orange mixed with crimson 
lake. A great variety of browns may be obtained by com- 
bining burnt sienna with the other colours, and the ivory 
black will be found most useful in this service. The best 
brushes for general work are those of camel-hair, which 
have the further advantage of being cheap. But a few 
sables will be wanted for delicate markings. 

A thing of first importance is the selection of a suitable 
medium witli which to mix the tints. Canjwia balsam in 
turpentine is of great value. Another good one, which I 
believe many shde-painters use almost exclusively, is made 
by diluting copal varnish with turpentine, while for dark 
colours, japanners' gold size, diluted in the same way, is an 
excellent medium, and is of sjwcial use in the foreground. 
The colour should be mixed up on the palette with the 
medium selected with a proper palette-knife, so as to form 
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what is in reality a coloured Yarnish. ; and this must be 
quickly applied to the picture before it has time to thicken 
by evaporation of the solvents. 

For greens, to be used mostly in foliage and for grass, 
yellow and blue must be mixed together in varying pro- 
portions. There is no such thing as a satisfactory trans- 
parent green which can be bought ready made, and suit- 
able for the purposes of the slide-painter ; but the use of 
the two colours named, if we take care to vary the pro- 
portion of each, can be made to give a great variety of 
tints. But it should be pointed out that, if used alone, this 
compounded green will be far too raw, and will exhibit a tint 
which is never seen in nature. 

We mix, therefore, with the yellow and blue, some red 
or brown, to take off this rawness. An endless variety of 
tints may be made by taking three colours only, and using 
them in different proportions, and I would advise the slide- 
painter to mix some of these tints, and put them side by 
side on a bit of glass, with a ticket attached to each 
describing their constituents. This specimen glass will be 
useful for future reference. I give in the next chapter a 
few compound tints, which can be made easily, and can be 
used for foliage, etc. 

The list of colours given will be found more than 
sufficient for all needs, and many slide-painters do very 
good work with only half their number, for there is no 
limit to the number of tints which one may get by 
judicious blending. Mathematicians are able to tell us 
the number of chances against a whist-player turning 
up the same cards on two different occasions, and we 
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know Tory well that the odds against such an oooiUTence 
amount to an enormons figure, but no mathematician 
would be able to calculate the number of different tints 
that we can procure, even from the three primarj colours. 
We have such tints in the beautiful solar spectrum, 
but there they blend into one another so graduallj that 
no eye can count them. 

One of the great helps to success is to observe the role of 
being very sparing of both colour and medium when dab- 
bing in the sky portion of the picture ; but the painter can 
be more lavish with both when he is dealing with foliage, 
and any broad masses of light or shade. Here he can 
often use a large camel-hair brush, and can mop in the 
colour, only taking care that he does not go over the out- 
line which circumscribes the particular portion of the 
picture he is working upon. In the case of a mass of foliage, 
let him mix up the desired paint on the palette with a 
flexible palette knife, which he should always have at hand. 
This should bo done thoroughly and quickly ; then let him 
take up a moderate quantity of this colour in the brush and 
mop it on to the surface of the picture. For this class of 
work mastic varnish, very much thinned with turpentine^ 
forms a capital vehicle. The strength of this mixture maj 
be one part of mastic to six of turpentine. This medium 
keeps liquid long enough for careful manipulation, and yet 
it dries quickly in comparison with other media whibh 
might be named. 

Photographic transparencies are now produced of anoih 
varied tones that in many cases it will be found advisable 
to leave portions of the picture quite uncoloured. Wiiih 
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chloride plates especially a rerj wide range of tones oan be 
obtained, and practically the experienced worker can pro- 
duce a picture in any colour, — from black, ranging through 
different changes of brown, to red ; and even a blue picture 
can be produced on that type of plate. It is often prac- 
ticable to suit the tint to the class of subject. A woodland 
scene may be toned a rich brown, for example ; and this 
tone, which the picture possesses at the outset, will prove 
of great help to the colourist. Many water-colour painters 
commence their work by giving the surface upon which 
they work a yellow-brown tint, and, when that is dry, they 
commence the picture proper. It will be readily seen that^ 
with a photographic picture toned in the way described, the 
slide-colourist will work under much the same conditions. 
The object in both cases is to give a general warm tone to 
the picture, which cannot be blotted out even by the most 
careless and ignorant worker. 

It is a good practice to examine the slide in the lantern 
as the various stages of the painting progress, taking care 
to protect it from dust. For this reason it should, before 
being placed on the lantern-stage, be furnished with a 
paper mask and a cover-glass ; it may then be slipped in 
a mahogany frame kept for the purpose. By this exami- 
nation under the light by which it is ultimately to be 
shown can we alone judge of its defects. It is now that 
the dust, previously invisible, becomes painfully evident. 
The beginner will, indeed, be forced to acknowledge that 
this is an example of matter in a very wrong place. He 
sees up in the sky of his landscape, which he just now 
thought would look so very beautifal, what is apparently » 
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broomstick ; but careful examination shows that it is onlj 
a little piece of hair about a quarter of an inch in length, 
which is magnified into the size of the useful domestic 
appliance just mentioned, and, what is more, these little 
bits of hair are very diflficult to remove. We may per- 
haps, lift them with our etching-needle from the paint in 
which they are embedded, but in doing so we are pretty 
sure to leave scratches behind which are almost as bad as 
the hairs. Bits of dust are everywhere, and the only way 
in which their intrusion upon our work can be avoided is 
to devote a room to this express purpose of slide-painting. 
It should be uncarpeted and uncurtained, and should be 
swept with tea-leaves, or better still, with damp saw-dust, a 
few hours before any painting is attempted. Its table and 
only chair should be wiped down with a damp duster, and 
the same treatment should be applied to the window ledge, 
or any projecting parts of the wood-work which may be 
near the painter as he sits at his work. The artist should 
put on a linen blouse, which is rigidly kept for this work. 
All these precautions may seem unnecessary, but we mitet 
observe them if we want to produce the best possible work. 
I have seen slides, otherwise well executed, which were 
quite spoiled by dust, and it is one of the aggravations of 
the slide-painter's life, that dust always gets into the sky, 
where, of course, it is more evident than in any other por- 
tion of the picture. 

Let the table upon which the operator works be placed 
near a window, preferably under a north light. This 
table should be wiped over with a damp duster imme- 
diately before the work is commenced, and it should be 
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covered with a sheet of newspaper, also wiped with the wet 
cloth. The easel is put in the front centre of the table ; 
on its left-hand side may be placed the colours, while on 
the right the palette must be within easy reach, together 
with a sheet of tissue-paper folded in four, so as to make a 
kind of pad upon which to wipe the brushes. The medium 
employed varies with the particular colour which happens 
to be in use, but turpentine forms the basis of all. A 
little cup of turpentine should stand close to the palette, in 
which the brushes can be washed, previously to being 
partially dried by being stroked gently on the pad of 
tissue-paper before mentioned. 

Supposing that the picture upon which the operator tries 
his 'prentice hand is a landscape, the sky will be the portion 
of the slide which will first require his attention. Squeeze 
out from the Prussian blue tube a little bit of colour about 
the size of a grain of wheat, for this tint is so powerful 
that a little of it will go a long way. Near it place a little 
McGilp. Now dip one of the brushes in the turpentine, 
mix it on the palette with the McGilp, and with sufficient 
colour to give the strength of tint desired. Now paint 
over the sky portion of the picture with bold, even strokes, 
from side to side. The brush will leave plenty of markings, 
ugly ridges from right to left ; but let these pass for the 
present, for we shall remove them in the next stage of 
the process. The picture should remain as it is for a 
minute or two, so as to give time for the turpentine to 
partially evaporate, when we must proceed to the 
operation of dabbing. Dabbers are made of different 
mat,erials : sometimes it is recommended to use a piece of 
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fine wash-leatlier, formed into a little ball by cotton wool 
inside, tied up like a small pad. I have not found such, a 
dabber to be satisfactory in practice ; for the leather, how- 
ever fine, leaves feathery marks upon the colour, which, 
although they are not readily seen on the slide, become 
painfully evident when the picture is magnified on the 
screen. I myself tried, a short time ago, to make some 
special dabbers for this work, which were composed of 
gelatine and glycerine moulded in a small cup like an egg 
cup. These dabbers, also, were not as satisfactory as 1 
could have wished, although I found that they were better 
than those of wash-leather. The best dabber which it is 
possible to get is the finger. This needs a certain amount 
of preparation. The flesh of the finger is covered with a 
number of little ridges, which we well know make what 
we call finger-marks on anything touched. These ridges 
can be obliterated by rubbing the finger with pumice-stone 
and water, or by using the pumice-stone soap, which is 
sold for the express benefit of much-soiled hand& A 
quicker plan is to rub the finger a few times on very fine 
glass-paper, when the ridges quickly disappear. It is 
obvious that the operation of rubbing down must only be 
carried to a slight extent, or else soreness will result. The 
finger makes a far more perfect pad than any artificial con- 
trivance because of its exquisite sensibility ; for in using it 
we both see and f oel the progress of the work. 

Commencing at the left-hand top corner, we dab with 
the finger rapidly from side to side of the picture ; at first 
it will make ugly marks, but the turpentine gradu- 
ally evaporates as the work proceeds, and these marks 
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blend into one another, until they finally disappear, and we 
have before us a flat, even tint of colour. The knack of 
laying in a sky cannot be gained without a great deal of 
practice ; but the operator may feel assured that when he 
has once conquered this initial difficuliy half his labour 
is over. 

If we merely want a plain blue sky, — and where the 
amount of sky is small it is often expedient that this should 
be the case, — we can consider this portion of our picture 
finished with the dabbing ; but if we want to indicate 
clouds, this must be done before the colour has commenced 
to dry. Here comes in the work of the artist. . From what 
I have seen exhibited in the shop windows, I conclude that 
many slide-painters classify clouds under two general 
heads, namely, large masses called "feather-bed clouds," 
and small ones, called " bolster clouds." These are created 
by means of a leather stump, moved with a semicircular 
motion, by which clouds of either pattern can be wiped 
out to order. The student of nature will, however, aim 
at something higher than this ; for he will know that no 
two clouds, of the thousands he has gazed upon, have ever 
been alike. For convenience sake, meteorologists write of 
cumulus, cirrus, stratus, and nimbus forms of clouds, but, 
in realiiy, although each term describes a typical form of 
vapour, they convey very little information to the mind's 
eye. Each form so constantly blends with the other to delight 
the eye, that no words can sufficiently describe the vast 
variety of cloud beauties presented to us. In attempting 
to imi .te some of these effects of nature in glass-painting, 
I find that a piece of kid wrapped round a pointed stick 
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IB far mora serrineable than an ordinary leatlier stamp 
. The rongh side of the leather shonld be naed as the mb 
bing surface, and, by altering ite position on the stick, 
BOmetitnea letting a soft ra^^ed edge tonch the paint whera 
a fleecy cloud ia to be described, and sometimes ndng the 
material tightly stretched over its support where bold 
touches are nece^ary, a great number of different effects 
can be secured. The sky being finished, it will be convenient 
now to put in any other parts of the picture where Uue 
or purple is required. The distant hills can be covered 
with the sky tint, mingled judiciously with a little crimson- 
lake. Water, in which the sky is reflected, will, of conrse, 
be painted in with the sky colour. Shadows generally will 
also partake of the purple tint already mentioned. Th«» 
are all laid in with tlie brush, as before indicated, and, time 
having been given for the partial evaporation of the turpen- 
tine, theyimust be gently dabbed with the finger. Kocare 
need be taken about transgressing over other portions of 
the picture where blue or purple has no business to be. 
These can be wiped clean with leather or stump, after the 
tints have been satiafaotorily laid in. 




CHAPTER XIL 




ON COLOURING PIIOTOGKAPHIC TRANSPARENCIES FOR LANTEEN 

SLIDES (co7itinued), 

GREAT many subjects can be advantageously 
treated as moonlight pictures, and very attractive 
they are if well done. In this case, the blue 
must be laid on of a much darker hue, and can have 
blended with it a little ivory-black. Having decided 
upon the best position for the " queen of night," that 
place should be lightened by extra hard dabbing, and 
any clouds that may be required can be wiped out at 
the sam« time, taking care that their light edges are 
nearest to the uncreated moon. The moon must not 
be wiped out, but must be picked out, film and all, so 
that nothing but bare glass is on the spot covered by it. 
To accomplish this, wait until the paint is bone dry, and 
attach to the place where the moon is to be a tiny piece of 
gummed postage-stamp paper. This should not be bigger 
than a small pea, and is merely for the temporary purpose 
of holding the leg of a small pair of compasses. I keep a 
special pair for this particular work, one leg being ground 
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SO as to form a cutting edge. Having opened the compass 
to the required distance, plant one point on the paper, and 
gradually with the other cut through the gelatine film. 
The circular disc so marked out can now be quickly picked 
away, bit by bit, with the etching-needle. (This needle, 
by the way, is merely an ordinary needle, bound to a pen- 
liolder by waxed thread.) The same instrument can be 
used afterwards for picking out efEective lights in the fore- 
ground ; but the great fear is that the b^inner should 
abuse the power thus put into his hands. The touches 
should be of the most minute descnption, and the operator 
should constantly remember that his work, with all its 
faults, has to be magnified to a very great extent. 

I need hardly point out that a most effective change can 
be made by showing a landscape^ first coloured as a day- 
light picture, and then dissolving it into the same view by 
moonlight. This change requires a double dissolving-view 
lantern, the daylight picture being placed in one lantern, 
while the moonlight picture is placed in the other, care 
being taken that both pictures register; that is to say, 
occupy exactly the same position on the sheet upon which 
the images are projected. 

But let the beginner not attempt sunsets of the gorgeous 
order, after the manner of G. M. W. Turner (deceased), 
until great practice has taught him the different character- 
istics of hi* colours. I do not here allude to their tone 
character, but to the different ways they behave, mechani- 
cally, when applied to the slippery surface of the picture, 
and the different media required to coax them into lying 
flat. He may think that, because he knows how to produce 



TBE BOOK OP THE LANTEBIf. 161 

a good even sky-blue tint, he has only to try the same pro- 
cedure with his yellows and reds to produce all kinds of 
brilliant, ethereal, striped-petticoat effects. But, on trying 
these colours, he will soon find out his mistake, and wiU 
also find that he must add varnish to them before he can 
work with them at all. Moreover, they seem to be espe- 
cially prone to attract any little unconsidered trifles in the 
way of dust which may be seeking rest. 

I was so impressed with these difficulties with regard to 
sunset skies, when first I began glass painting, that [ sought 
for another means altogether for gaining what I wished. 
I was attracted by the brilliant hues of the aniline, or coal- 
tar colours, and at once endeavoured to enlist them into my 
service. As others may be tempted to work in the same 
groove, I may at once state why, after patient trial, I dis- 
carded them. Most of these colours can be readily dissolved 
in alcohol, and, therefore, it is not difficult to make 
coloured varnishes with them. But when I tried to paint 
my gelatine picture with the splendid tints, I found it next 
to impossible to confine them within the boundaries of any 
outlines whatever. They would flow over the edges on 
their own account, do what I might. The fact is that these 
aniline colours have a kind of greedy affinity for gelatine, 
and there seem to be no means of controlling their advance 
when once they come into contact with it. By flooding 
an entire picture with a yellow or red varnish, I was able 
to gain (sometimes) some wonderful effects. But the action 
of the dye upon the gelatine was of too. uncertain a nature 
to tempt me to adopt that method of working as a perma- 
nent resource. Lastly, aniline colours are fugitivo. 
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Hitherto I have regarded the picture as possessing a 
plain glass surface to represent the sky, and this will be 
found to be the case with most photographic slides. But 
we all know that a plain white sky in a photograph is, from 
an artistic point of view, an abomination. By the simple 
process of colouring we get over the difficulty ; still, if we 
can produce upon a photographic transparency natural 
clouds either existing in the original negative by the virtue 
of a properly-constructed shutter, which will only give a 
fraction of the normal exposure to the sky, or by a system 
of priiitiiig-in from a separate negative in a way that need 
not be described here, it will be a great artistic gain. In 
colouring such a sky the painter has a great advantage, for 
irregularities in laviiii^ on the colour, which would other- 
wise be distinctly visible, are hidden by the details of the 
clouds in the picture. 

In colouring such a sky we may commence, as usual, by 
dabbing on the blue in the spaces which represent rifts 
between the clouds, and we can then add tender tints made 
up by mingling such colours as crimson lake, and the 
various yellows at our disposal, and we can also add to the 
richness of the general effect by putting in different tones 
of lavender, mauve, and purple, made up with crimson lake, 
the madders, and blue. These colours, after the blue has 
been dabbed on, can best be painted in with the brush, 
using as a medium Canada balsam in turpentine. This is 
a good, quick-drying medium, and it has the advantage of 
being so pale in colour that it will not u,fEect the most deli- 
cate tints. 

Before proceeding fai*ther with the work, the pictHM 
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should be dried by heat, — and there are many means of 
doing this. An oven, not too hot, will do what is neces- 
sary, but it is uncertain, for the heat may rise to such a 
pitch that picture, gelatine, and all will curl off the glass. 
A tin biscuit canister, divided into grooves, and placed 
(dutch oven fashion) in front of a good clear fire is bette^r ; 
but the best plan that I have tried is the following : place 
the glasses to be dried upon a flat iron plate above a gas 
stove, the heat of which can be regulated. Upon the top 
of the plate put a frame of wood, covered with fine maslin, 
to keep off the dust. About twenty minutes of such treat- 
ment will make the layer of paint on the glass so hard 
that it can be worked upon with other colours, or sub- 
mitted to the moonlight operation as already described. It 
is during the operation of laying in the sky, &c., which may 
be comprehended under the term " first painting," and the 
subsequent drying, that access of dust must be carefully 
guarded against. 

Lantern slides, by w^hatever photographic process they 
may have been produced, will stand a great deal of heat, 
and they can be made hotter than the hand can con 
veniently bear with impunity. This heat may be con- 
tinued for about half an hour, and it will be found that 
it has a kind of japmning effect upon the oil colours 
employed ; indeed, the colours are by this means made so 
hard that it is difficult, if not impossible, to remove them . 
afterwards without at the same time destroying the photo- 
graphic image beneath the pigment. 

After the sky has been dried in the manner described, it 
can easily be deepened, if found necessary, by the applica- 

M 2 
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tion of a little more paint, which need not bo applied with 
a brush, but can be simply dubbed on with the finger. 
Some very good effects are often possible by this second 
painting, especially when the sky is deepened, in the 
manner described, at its upper part op zenith ; such a 
deepening, it will be readily seen, being in strict accordance 
with the sky of nature. 

A blue sky with white clouds formed by the simple 
operation of wiping out the colour, and leaving the clear 
gelatine, is by far the easiest kind of sky to produce. It can 
be modified in various ways by working other colours upon 
it near tlie horizon, — such as red or black, most sparingly 
bestowed, or the zenith tint can be strengthened after the 
slide has been dried. A most effective sky is that which I 
may call the ordinary summer twilight sky, — ^that is to say, 
the deep blue at the zenith, fading gradually to a lighter tint 
until it merges into bright yellow or orange at the horizon. 
Such a sky is not difficult to produce. The best way will 
be to commence at the horizon by dabbing, without the 
use of the brush, Italian pink on to the glass ; a very little 
colour being applied to the finger, with the addition of the 
merest trace of medium, such as Canada balsam, in turpen- 
tine. This must be diligently dabbed upon the glass until 
its stickiness almost disappears, and its upper margin is 
left without any hard lines. Then the finger should be 
washed in the cup of turpentine which the painter should 
always have at his elbow, and the blue may be applied to the 
upper part of the picture in the ordinary way, and dabbed 
down until it almost touches the yellow which has been 
previously laid on. Once more wash and dry the dabbing 
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finger, and then nse it, without any fresh applicati6n of 
paint, to merge the two colours into one. In this way 
it will be found, after a little practice, that a good junction 
can be made, and that one colour will exhibit a regular 
gradation into the other. If this work is well done, the 
effect will be found to be a most pleasing one, and should 
not be meddled with by the addition of clouds. 

Our painting has now progressed to a certain stage. The 
sky has been laid in, the clouds have been wiped out, and 
the shadows have received a delicate purple tint. The 
whole has been submitted to a baking operation, by which 
the attached colours are made so hard and firm, that it 
would be difficult to remove them without destroying at the 
same time the gelatine film upon which they are superposed. 
We now place this unfinished sketch again upon the glass 
easel, and will endeavour to turn it into a finished picture. 
It is at present what Mr. Whistler would call " an arrange- 
ment in purple and bhie." We will endeavour, by working 
over these tints where required, and by adding others, to 
produce a general harmony of efEect, as nearly approaching 
to nature as possible. 

Any one possessing artistic feeling, — and no one without 
that faculty will make a really good slide-painter, although he 
may easily come up to a common standard, — will, on first 
looking at the subject for colouring, make up his mind asi 
to the way in which he means to treat it. He will arrange 
to have a cloud mass in one place, — possibly to relieve a 
church steeple or other high building, — or a bright horizon 
where, possibly, lights are to be seen through tangled 
nui^es of foliage ; or in other ways he will have in his 
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mind a definite programme to follow out, and will do his 
best to achieve it, and will do so with more or less 
success. But, through all, he must bear in mind that his 
picture will eventually be highly magnified, and that the 
\mst blemish will be magnified too. In no art, perhaps, 
can a man learn more by repeated failures (failures 
which should be, from time to time, submitted to the 
searching light of the lantern) than he can in this art 
of slide-painting. 

The worker must constantly remember that the effective- 
ness of his picture is dependent far more upon contrast 
than upon the tone of any particular tint. Without con- 
trast his colours will be meaningless and poor, although, 
individually they may present brilliant hues. The rule 
governing contrast of painters* colours, — i.e., colours which 
are complimentary to one another, — is most simple. Here 
it is in a nutshell. The three primary colours are red, blue, 
and yellow.* An?/ two of these mixed together form a 
secondajy colour which is complimentary to the remaining 
primary. For example : — Red and blue mingled form 
purple. What better contrast to purple can there be than 
yellow, — its complimentary, — being the primary which is 
left out of the combination ? Again, blue and yellow form 
green, and green is complimentary to red. Once more, 
yellow and red form orange, the complimentary of blue. 
I have no hesitation in saying that a man possessing this 
little bit of elementary knowledge is far more likely to 



* This is not correct for coloured light, bat answers for painten' 
pigments. 
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produce an effective picture with three colours than can 
one ignorant of it, although he may have the run of all 
the artists' colour-sbops in the kingdom. He can never go 
far wrong if he will, so far as the subject will allow, place 
green against red, orange near blue, and yellow in conjunc- 
tion with purple. A subject, such as an Oriental street- 
scene or bazaar, where such combinations can be made 
without stint, has a most gorgeous effect when projected 
upon a screen. Each of these colours can at the same time 
be mingled to give an endless range of tints, — in fact, all 
the colours of the rainbow. And now let me give a few 
hints as to finishing colours and combinations useful for 
special purposes, together with the best media with which 
to mix them. In these finishing colours the dabber, except 
in extreme cases, must be relinquished, and the brush 
(camel hair and sable) alone employed. 

Skies and Clouds. — Prussian blue (some prefer Chinese 
blue), rose madder, purple madder, Italian pink. The blue 
to be laid on as already described, using as a medium 
McGilp and turpentine. In laying on after tints a small 
quantity of copal varnish should be added. 

Water always reflects the colours above it. If the water 
be very still, the effect of surface may be given to it by 
drawing gently across it a dry (mop) brush, such as gilders 
use. In brooks and running streams, lights may be picked 
out while the colour is wet, with a pointed stick, or when 
dry with the etching-needle. In representing rough sea, 
we must remember that such water not only reflects the 
colour, of the sky above it, but shows also its local colour. 
It may first be painted over with the sky coloury and, after 
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baking and drying, this can be worked npon with TariooB 
shades of yellow, blue, brown madder, and indigo ; medium 
Canada balsam varnish, McGilp, and turpentine. 

Boats and Shipping, — Black, raw sienna, Vandyke 
brown, burnt sienna, Chinese orange, indigo, — indeed, 
nearly all the colours available. Medium, same as last. 

Foliage, — For foliage we are limited for our greens to a 
mixture of Prussian blue and the various yellows, namely, 
Italian pink, raw sienna, and brown pink. But these will 
give endless variety of tones, particularly when aided by 
other colours. Here are a few examples : — 

Bin , Italian pink, and burnt sienna. 

Italian pink, Vandyke brown, and indigo. 

Italian pink and brown madder. 

Brown madder, Italian pink, and indigo. 

By adding Chinese orange to any of these, autumnal 
efFects are readily obtained. Media, Canada balsam Tar- 
nish ; and for the darker colours, gold size. N.B. — These 
various combinations should be made up on the palette, 
as required, with the help of the palette knife. 

Foreground. — It is here that the artist can employ all 
the treasures of his palette. Let him remember that any 
particular colour can be easily modified by glazing another 
colour over it. This is done after the first colour is dry 
b}'^ mixing a second tint, which may be applied above it. 
The medium for this varnish will vary with the glazing 
colour employed. Canada balsam will do for most, but 
where reds are used, which are slow driers, the medium 
should be gold size. 

Let the painter ever remember that force of colour can- 
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not be obtained by piling on masses of pigment, which will 
naturally serve to obscure the details of the photograph 
upon which such pigment is placed ; but this force of 
colour can be easily produced by judicious contrast of differ- 
ent tints. As I have before observed, the student must 
make himself master of the art of colouring, if possible, 
before he commences its practice. Some years ago there 
was published an excellent series of little books, costing 
only a few pence each, giving chromo-lithographic examples 
of various simple studies in water-colour painting by 
Callow and other artists, under the title of " Vere Foster's 
Drawing Books." These books, I believe, are still to be 
had, — at least, I hope so, for they are full of merit, and 
give more valuable instruction than many works of far 
more pretension. They give specimens of water-colour 
sketches, unfinished and finished, side by side. Perhaps 
the former are the more valuable for our present purposes, 
for they exhibit merely broad masses of colour, and show 
how one tint can be made to contrast with another. It 
will be seen in some of these pictures that a blue sky is 
contrasted with orange yellows in the landscape beneath ; 
and how, on the other hand, a yellow sky can be rendered 
at once effective by purple hills upon which it seems to 
rest. 

When the picture is entirely finished, it may be once 
more submitted to the baking operation, taking care that 
the heat never rises to blistering point, or all the labour 
spent on the slide will be thrown away. The picture may 
now again be placed on the easel^ and if the artist has 
sufficient reliance upon his power of knowing when to stop 
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he maj 'witii adrantage take np the etdung-needlo; Koaa- 
times a single toucli of this magic wand will much improve 
a picture. In forest scenerj, for instance, a lighl; on a 
trunk, OF on a protruding branch, will make the one ortiie 
other to stand out almost Htereoscopioally. Kow and tiien 
bra a little spot or two may be picked out of the foliage 
itself. But not in tlie manner I lately saw in an exhibited 
slide, where curly lines, after the drawing-maater style ol 
former days, were made to describe the edges of the trees 
in every direction. This was actually perpetrated upon a 
good pliotogviipli, and represents the worst instance of 
" painttug the lily " which I have had the misfortone to 
come aci-oss. 




CHAPTER XIIT. 

DESCRIPTION OP VARIOUS EXPERIMENTS, — CHEMICAL, ELECTRIOAL, 
ETC., — FOR CLASS INSTRUCTION, WHICH ARE POSSIBLE WITH 
THE LANTERN. 




OR difEerent experiments, varioiis forms of slides 
must be employed. The gaJyanometer slide, 
shown at fig. 45, is an extremely useful 
one for demonstrations in electricity and magnetisni. 
I need hardly mention that such a slide consists of 
a magnetised needle, which is surrounded by a ooil 




Fig. 45. 

of fine wire. This coil is flattened, and there is just 
space enough between its convolutions for the needle 
to move from side to side. It is supported on 
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a central pin, which is shown by the screw slit in the cnt* 
A pane of glass of a semicircular shape forms a back- 
ground for the needle ; and this glass can either be left 
plain, as in the illustration, or it can have drawn upon it a 
scale. The slide figured is withotit the arrangement just 
mentioned, and it is one that I have employed for a special 
purpose. I have used it as a means of demonstrating the 
action of the needle telegraphic instrument; and it will 
be noticed that two little buttons are fastened to the 
glass in order to prevent the needle making too wide an 
excursion. 

It may be mentioned here for the benefit of those who 
are unused to electrical instruments, that a galvanometer 
furnishes the means of detecting the existence of an elec- 
tric current. In its higher forms it is so sensitive that 
a current, generated by touching two dissimilar metals 
with the fingers and excited by tlie natural warmth of the 
band, can, by a galvanometer, be made evident to the eye. 
The most simple form of galvanometer can be readily 
made from one of those little charm compasses which are 
sold at the opticians' for about Is. each. Take such a 
compass, and bind it across with several layers of fine .silk- 
covered copper wire. Place it in such a position that the 
wire coil lies parallel with the needle, which will, of course, 
be north and south ; now join the ends of the wire to 
any form of electric battery, and the needle will imme- 
diately swing round and take an east and west direction. 
By clianging the position of the wires with regard to the 
poles of the battery, it will be noticed that the needle is 
deflected in the opposite direction. These phenomena 
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form the basis of the single needle electric tele^^ph, and 
it IB to demonstrate tlie povrera of that telegraph that the 
lantern galvanometer, which 
is here figured, hag been 
devised. It will be noticed 
that on its right-hand aide it 
is furnished with two ter- 
minals. These are connected 
■ with the ends of the coil 
wire, and provide a means of 
readily joining the instrument 
np to the battery, placed in 

any position ontside the lantern ; bnt in praciaoe it will 
be found advisable to also place in connexion with this 
slide Liud its battery a little piece of apparatus which may 
be called a " cnrrent reverser," which can easily be made 
at home. It is shown in fig. 46. It consists of two 
little treadles formed out of brass. This brass, it may 
be mentioned, should be of the hard-rolled kind, BOoh as 
is used for springs. 

Each of these little treadles is festened down to a maho- 
gany b rd, which forms the base of the inetrnment, and 
each o»o is in oonnexion with a terminal screw, which is 
indicated in the cut by a round dot. Across the other end 
of the treadles is a raised bar ot brass, against which they 
spring up and touch when in their normal condition ; bnt 
when either of them is pressed down, it touches a piece of 
brass wire which is let into Hm tap of the mahogany board 
immediately nndemeath. 
This wire, as well as the pece of toass jnst inenti<med, 
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is connected with its own terminal ; these two latter ter- 
minals in the cut being lettered hh, and signifying that 
they should be joined up to the battery employed. The 
other two, which are lettered gg, are fastened to the 
terminals on the galvanometer slides. 

In practice it is best for the current reverser to be placed 
on the lecturer's desk, at some distance from the lantern, 
while the galvanometer slide is joined up by means of tem- 
porary wire connexions. The lecturer then has the power 
of reversing the current by touching with his finger either 
of the two treadles, and he can demonstrate in the most 
perfect manner how the different letters in the tele- 
graphic alphabet are made up of movements of the needle 
to the right or left, as the case may be. He can also point 
out that the " dots " and " dashes " of the Morse system 
correspond with these right and left hand movements of 
the magnetic needle. 

In the old days of the Polytechnic Institution in Regent 
Street, which was the resort of so many delighted schoolboys 
and girls, there were several experiments performed with the 
lantern which, so far as I know, have not been repeated 
Isewhere. One of the most curious was the movements of 
the legs of a frog. This is rather a difficult experiment tc 
perform, but when well done, is highly effective on the 
screen. 

At the Polytechnic the frog's legs covered the large 
screen, and were thus magnified to about 26 feet. The legs 
were hung to a special form of slide, and the nerves and 
muscles of the dead frog were touched with metallic wires, 
when they immediately kicked out in the most startling 
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manner. The importance of this experiment, as a demon- 
stration, will be acknowledged when it is remembered that 
this movement of a frog's legs, accidentally brought about 
by Galvani, laid the foundation of our present knowledge of 
current Electiicity or Galvanism, as it used to be called, 
after that first experimenter. 

Another most effective experiment was shown in con- 
nection with a lecture upon the Suez Canal by Professor 
Pepper, After exhibiting a number of experiments upon 
sand, and showing that it always fell . at a certain angle, 
and exerted lateral instead of perpendicular pressure, 
an image of an ordinary hour-glass was cast upon the 
screen. This sand-glass was supported in a frame, and its 
sides were flattened so that it could fit the lantern stage. It 
had rather an amusing appearance, because like all instru- 
ments placed in the lantern, the image was inverted, and 
the sand therefore appeared to flow upward instead of 
downward. A curious fact, too, was noticed when this 
familiar instrument was magnified to such an enormous ex- 
tent, each particle of sand was seen to strike a blow upon 
the top of the cone above, and the force from that blow 
passed from the point of the inverted cone to its base, and 
formed a peculiar wave-like figure in its passage. 

I have never seen this experiment repeated elsewhere, 
but it is one that should not be forgotten. 

Among the experiments which can be performed by 
means of a lantern, and better performed, — so far as an 
audience is concerned, — than by any other means, are 
those relating to cohesion figures. Professor Tomlinson 
was the first to give much attention to these interesting 
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figures, and he made many experiments in tiiis direction. 
He found that almost all the common oils and fats give 
natural diagrams by which they can be identified; and 
further, that these figures will vary, according to the length 
of time for which the oil has been exposed to the air. To 
get some idea of the nature of these beautiful figures, a 
drop of pure sperm oil may be allowed to fall on the surface 
of a pan of water. It will be seen in a few seconds that 
the film of oil will break up into a number of little open- 
ings, and that it will exhibit a pattern of great beauty. 
Rape oil, Lucca oil, and some others, give patterns of en- 
tirely different designs ; some of them very much resembling 
beautiful crochet-work. In order to show these patterns 
in the lantern, we have two or three different methods of 
going to work. We can exhibit these cohesion figures, for 
instance, by the simple aid of two pieces of clear glass. 
Between two such plates put a little vaseline, which in 
order to increase the effect on the screen may be coloured 
red with alkanet root. The plates are pressed together, with 
the vaseline between thera, and are then secured by a ring of 
india-rubber at each end. They are then put into the lan- 
tern, and while standing upon the lantern stage the blade 
of a knife is inserted between the two glasses and gradually 
turned so that they are slightly separated. The effect 
upon the screen is very beautiful, the disc appearing to be 
covered with arborescent figures. This experiment may be 
re[)eated more than once, but the vaseline will require 
renewal after a time. Another mode, and perhaps a better 
one, of showing the same phenomena, is by means of the 
vertical attachment to the lantern. In this case the 
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lantern slide must take the form of a shallow box, having 
a glass bottom. Such a box can easily be made by fit- 
ting a piece of thin glass, say, 3 J inches square, into 
a frame of wood half an inch in height, and cementing 
the glass in a groove with marine glue. The glass 
cell so provided should be placed in a horizontal 
position upon the stage, and be filled with water. Dif- 
ferent oils can then be dropped on to the surface of the 
water, and the characteristic cohesion figures due to each 
will be thrown upon the screen. If this latter mode of 
showing the phenomena be chosen, it is obvious that a 
different glass cell must be used for each oil exhibited, 
and I think that it would be quite possible to produce 
lantern slides direct from these oily cohesion figures ; 
although I have not experimented in this direction myself. 
The principle employed would be that of " Lithography." 
The oily figures might be transferred to a piece of glass 
direct from the surface of the water. Those figures could 
be darkened to any extent by employing a greasy printing 
ink, taking care to wet the glass so as to repel the ink ; 
but this is a matter into which . I cannot now afEord space 
to enter, and I merely allude to it as a field for profitable 
experiment. 

Many pieces of apparatus have been devised for the 
lantern, which exhibit the principle of what is known as 
'• persistence of vision." In oider that we may thoroughly 
understand in what this principle consists, I may men- 
tion that the human eye possesses a peculiar property 
which is highly convenient to its proprietor. What is 
meant by " persistence " is tiiat the retina has the power 

N 
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of retaining the image of anything seen for 5t leasfc one- 
eighth part of a sec d after the eye ceases to see that 
object. 

As an example of this, let me remind my readers, that 
although in the ordinary course of things, we are con- 
tinually "winking," an operation which is necessary to 
lubricate the eyeball, we are quite insensible of the cir- 
cumstance that for the time occupied in doing so, we are 
placed in absolute darkness. Although the eyelids are 
closed and the light is shut out, we have no perception of 
darkness, simply because of this curious property possessed 
by the retina of retaining the image of the object last seen, 
for at least the eighth part of a second. It is for this 
reason, — I may also point out in passing, — that so-called 
instantaneous photographs of moving objects, such as a 
"trotting horse," &c., appear to us to exhibit such very 
unnatural attitudes. As a matter of fact the photographic 
camera records movements which the human eye, on account 
of this "persistence of vision," cannot appreciate. It is 
evident that if this doctrine be true, the eye cannot appre- 
ciate a movement which takes place in less time than the 
eighth part of a second, and it is because the photographic 
lens can grasp and record the movements which take place 
in a mere fraction of that time, that the attitudes it depicts 
appear to us so highly unnatural. The human eye has 
never seen such attitudes, and never will see them. 

Perhaps the simplest illustration of " persistence of 
vision " is afforded by a burnt stick with a red hot end, 
which is turned rapidly round in front of the observer; 
to that observer the red spot of light looks like a con- 
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fcinuons ring of fire, but we know well enongh tliat it is 
simply a spark. It is the rapid movement helped by this 
" persistence *' of the retina, that canses the spot of light to 
appear to ns as a continuons circle. So it is that heavy 
rain drops, — which we know very well are independent 
globules of water, — appear to be like streaks falling from 
the sky, and like streaks artists invariably depict them. 
And rightly so, too, for we do not wish artists to bring 
before us representations of things as the eye cannot see 
them, but of objects as they appear to us under ordinary 
conditions. For this reason the claim which has been made 
in some quarters, that the unusual attitudes depicted by 
instantaneous photography, should be a help to artists in 
their delineation of animal movement, appears to be ex- 
tremely nonsensical. Such attitudes may certainly be 
studied by artists, as a means of showing how the various 
movements are brought about, just as he would study the 
skeleton of a man, in order to get a better notion of the 
outward form of the body; but both should be kept as 
studies, and certainly not introduced into finished works. 

The kaleidotrope consists of a disc of perforated cardboard. 
It is supported on a spring of wire in such a manner that it 
can be rapidly turned round by the finger as the frame in 
which it is contained stands upon the lantern stage. The 
other end of the spring is cemented to a plate of glass so 
that the light can easily travel through the perforations in 
the disc and be rendered evident on the lantern screen. 
As this card is struck with the finger so as to cause it to 
move and vibrate on its spring in dijfferent directions, 

tiie spots of light on the screen by their movement assume 

V 2 
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a great yariety bf curves. It will be thns seen that tliis 
instrument simply gives a variation of the burnt-stick 
experiment already alluded to. 

Mr. Beale, of Greenwich, has invented a most ingenious 
and amusing apparatus for the lantern which also depends 
upon " persistence of vision." This is called the choreuto- 
scope, and is made in two different forms. In its more elabo- 
rafce shape it consists of a circular plate having upon it figures 
drawn upon glass, and so arranged with their limbs in 
different attitudes, zoetrope fashion, that when one figure 
is rapidly changed for the other, the image seems to be in 
actual movement. The contrivance is so arranged that 
before the figure actually changes a little screen obscures 
it for the moment, so that the movement of the disc is not 
apparent upon the sheet. Mr. Beale has of late years 
simplified this instrument. In this case the figures are 
painted upon a slip of glass about seven inches in length, 
and by means of a special form of slide they are rapidly 
brought in front of the lens in the manner just described. 

The most effective set of figures of any is a skeleton, the 
reason being that it consists only of white on black. 
Such figures can therefore be cat out, stencil fashion, in 
a sheet of thin copper-foil ; the openings in .this plate per- 
mitting a far larger amount of light to reach the screen 
than if the figures were drawn upon glass. 

Another far more perfect and elaborate device for illus- 
trating the phenomena connected with persistence o 
vision is an instrument called by the somewhat ponderous 
^tle, — ^the Astrometeoroscope. The inventor of this clever 
•i^ce of apparatus was the Hungarian mechanician. 
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S. Pichler, who designed Yarions other ingenions contriv- 
ances. He was very jealons about this astrometeoroscope, 
and the only one made was at the Polytechnic Institution, 
where it was carefully kept under lock and key, except 
when in actual use. When the apparatus of the institution 
came to the hammer, I remember that there was some 
little excitement when the astrometeoroscope was put up 
for sale. Opticians and others would have been glad to 
get hold of it, so as to have multiplied it for sale. This led 
to a brisk competition, ending with Mr. Pichler giving an 
extravagant price for his own bantling. And in that way 
the secret remains in the hands of a few only, and perhaps 
it would be unkind to divulge it. But, at any rate, I 
cannot do much harm by giving a general idea of the out- 
ward appearance of the instrument and its capabilities. 

The astrometeoroscope consists of a narrow box thirteen 
inches in length, and of such a width that at one end it 
will fit the stage of the lantern. At this end it has the 
usual three-inch disc opening, which is occupied by two 
plates of metal which are scored across obliquely with slits 
and which are superposed one on the other, so that the 
slits on each cross one another diagonally. Now it 
is clear that the only places where light can pierce 
these plates of metal so as to make itself evident on 
the screen is in those places where the slits on the plates 
intersect one another. The effect on the screen, therefore, 
whilst the instrument is quiescent, is a series of dots of 
light all over the screen, but at regular distances from one 
another. By very ingenious mechanism the two plates are 
caused to move to and fro in contrary directions, and the 
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speed of either can be varied at will by the operator. The 
effect upon the screen is most curious, for it seems to be 
covered with a lacework of geometrical patterns which 
constantly change their form. 

A very favourite experiment with the lantern, but one 
which it is by no means easy to perform, is the decomposi- 
tion of light by means of a prism. For the most perfect 
effects the electric light is necessary, but as this is beyond 
the reach of most of us, — at any rate, for the present, — we 
must be content with what can be done with the ordinary 
limelight. The simplest way of showing the spectrum 
with the lantern is to remove the objective and to place in 
the lantern stage a card with a slit in it, as 
shown in the cut (fig. 47). This slit should be 
about an inch in length, and not more than 
one-twentieth of an inch in breadth. The card 
should be placed on the stjige of the lantern in a 
Fig. 47. horizontal position and focussed upon the screen 
in front. A prism is then brought into the path of the 
slice of light thus formed, 
and it will be so far bent 
aside as to exhibit the 
colours of the spectrum on 
the ceiling of the room 
(fig. 48). ' Fig. 48. 

The prism will require a little turning about before this 
result is arrived at. But at the best this method of show- 
ing the spectrum is but a makeshift one ; it presents, 
however, an easy method of demonstrating the decom- 
position of white light. A preferable mode is to use a 
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bisnlpbide of carbon prism. This takes the form of a 
stoppered bottle with two sides ground away and filled in 
with plates of glass, which are cemented to the re- 
mainder of the bottla In this way the wedge form 
of the prism is secured. The bottle is then filled with 
bi-sulphide of carbon, and such bottles, ready charged, can 
be obtained at the opticians'. A great objection to them 
is their liability to breakage, for bi-sulphide of carbon, 
beyond being a most inflammable compound, has a most 
disagreeable and pungent odour. 

In using a prism of this description, it is kept upright 
and supported in front of the lantern. The slit in the card 
must in this case be vertical, instead of horizontal, and the 
lantern must be placed at such an angle with the sheet 
that when the spectrum is rendered visible it appears in a 
central place on the sheet. 

■ 

There are several means available for showing on the 
lecture-table that the various colours of the spectrum will, 
when combined, once more form white light. Thus we 
may place in the path of the coloured beam a double con- 
vex lens, which will at once bring the scattered rays to a 
focus, and will form a disc of white light. We can also 
recompose light by collecting the coloured rays by means 
of a concave mirror, when a card held in the focus of the 
mirror will exhibit a brilliant spot of light free from 
colour. Another method is to use two prisms placed 
against one another, thus — Av» when one will neutralise 
the e£Pect of the other, and the emergent beam wiU be 
white. Yet another way of recomposing light is to use » 
number (generally seven) of plain mirrors, which a^ 
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placed npon a stand tliat they can eacli be tnmed in any 
required direction. The spectrum is allowed to fall npon 
this system of mirrors, and each one is so turned npon its 
axis that the particular colour which it reflects is thrown 
npon one spot. The collective images of the varipns 
colours then appears as a white disc. 

The methods thus detjiiled are all good, but cannot 
readily be applied to the lantern. A way of demonstrating 
the rccomposition of light with that instrument has 
recently been published in America, by Mr. G. M, Hop- 
kins, and the following remarks are borrowed from him. 
After detailing the various known methods of recomposing 
light, he says : — "Besides these methods, the spectrum has 
been recombined by whirling or rocking a prism ; the move- 
ment of the spectrum being so rapid as to be beyond the 
power of the eye to follow, the retina receiving the impres- 
sion merely as a band of white light, the colours being 
united by the superposing of the rapidly succeeding 
impressions, which are retained for an appreciable length 
of time. The engraving shows a device to be used in 
place of the ordinary rocking prism. It is perfectly 
simple, and involves no mechanism. It consists of an 
inexpensive prism, having attached to a knob on either 
end a rubber band. In the present case the bands are 
attached by making in each a short slit, and inseiHi- 
ing the knobs of the prism in the slit. The rubber 
bands can be held by inserting two fingers in each and 
drawing thera taut. The prism can then be held in a 
beam of sunlight, and with one finger the prism is given 
an oscillating motion. The band of light thus elongated 
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will have prismatic colours at opposite ends, but the entire 
central portion will be white. To show that the colours of 
the specianim pass over every portion of the path of the 
light, as indicated by the band, the prism jdbj be rocked 
very slowly. 

"By inserting four screw hooks in a yertical support, and 
stretching the bands over the hooks, the prism is adapted 
for use with a lantern. The light emerging from the 
lantern must pass through a narrow slit to secure a per- 
fect spectrum, and between the screen and the prism 
should be placed another screen with an oblong aper- 
ture, which will allow all of the band of light to appear 
upon the screen, with the exception of the coloured 
extremities. With the prism supported in this way, it is 
an easy matter to turn it slowly back and forth, showing 
on the screen the moving spectrum, which, with the more 
rapid movement, produces the pure white band of light." 

The recomposition of light can be well shown in the 
way just described ; but perhaps a more ready and effec- 
tive, if not quite so scientific, a method is to use a coloured 
disc, fitted as a lantern-slide, with a revolving arrangement 
similar to that used for chromotropes. 

Newton's disc, as .it is called, consists of all ihe colours 
of the spectrum, painted in transparent colours, in their 
right proportions, upon a revolving disc, and as this 
disc is rapidly turned in tiie lantern, the Tarious 
colours projected upon the screen in front mingle together 
on the retina, and the general effect is that of white 
light. It may happen that a lecturer may touch 
upon the study of spectra without wishing to burden him- 
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solf with tiie necessaiy apparatus for showing them upon 
the screen. Or he may be employing a large lantern to 
illiLstrate other parts of his lecture, which would be quite 
unsuitable, — or, at any rate, would have to be re-arranged 
before a single spectrum experiment could be shown. 
Feeling this want myself. I de^Tsed a plan for showing 
spectra diagramatically with an ordinary biunial hmtem. 
(It will presently be seen that a double lantern is a neces- 
sity for this particular manner of working), and I have 
found the method adopted to answer admirably. A special 
set of slides is required, but these are not at all difficult 
to make. They must be home-made, for they are not to 
be bought at present, although one well-known optician 
was so pleased with the idea when I described it to him, 
that he expressed his intention of manufacturing slides of 
my pattern. The first of the set is a photographic slide 
showing Newton's well-known ex[)eriment with a prism, 
traversed by a beam of light admitted through an ai>erture 
in the shutter of a darkened room. The next slide is a 
simple-coloured band, or continuous spectrum. This is at 
length replaced by a similar band, no longer continuous, but 
crossed by the principal Frauenliofer lines, which are duly 
marked above with their own distinguishing letters. Such 
a spectrum can be copied from any work on optics, and 
drawn and coloured on ground-glass, as explained in 
another part of this book. We must now prepare a set of 
slides to serve as " efPects " for this last spectrum slide, 
and which will consist of simple bright lines. The most 
simple of these would be tliat due to the metal sodium, 
which would consist of a double yellow line, to agree in 
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position with that marked D in the spectmm -slide. To 
produce such a slide it is only necessary to paste over a 
piece of glass a piece of stout black paper, and to cut 
out with a sharp knife, when the paper is dry, the line 
required. A little varnish colour over the cut-out place will 
complete the slide. In using this " effect " the audience 
should have explained to them the theory which seeks to 
explain the reversal of the lines in the spectmm, and at 
the right moment the spectrum-slide is so far darkened 
by moving the lantern-dissolver, that the clear sodium 
line shines out brightly over the spot occupied before bj 
tlie dark D line. I need hardly say that the two slide* 
must be in perfect register, or the effect will be spoiled. 
The spectrum-slide can now be once more exhibited, and 
another bright line example placed in the other lantern 
ready to be made visible as the sodium one was just 
now. The spectra of all the different metals can thus bo 
iUustratcd by the bright lines which they afford. The 
method may perhaps be considered rough, but the effect is 
sfctirtling, and few among a general audience are able at 
once to realise how it is done. 

Double refraction can be shown on the screen in the 
following manner : A card with a simple perforation about 
one-eighth of an inch in diameter is inserted on the lantern- 
stage, and its image is focussed on the screen. A crystal 
of Iceland spa is then placed between this card and the 
objective lens, and two spots of light will become apparent 
upon the sheet. 

It may be mentioned here that in all experiments where 
colour is required it is better, if possible, to use colour**^ 
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gelatine than any other medinm. Ordinary coloured glass 
absorbs so mnch light that it is of very little nse in lantern 
experiments ; and if the operator will try the effect of 
coloured glass and coloured gelatine side by side he will 
be surprised at the advantage gained from using the latter. 
There is one objection to gelatine, and that is, if a very 
powerful limelight be used it is apt to be affected by the 
heat ; but this is only the case if the medium in question 
is kept for a protracted time on the lantern-stage. 

A large number of experiments illustrating the theory 
of colour and the laws of complimentary tints can be 
arranged by means of pieces of cardboard with different 
shaped orifices cut in them, filled in with coloured gelatine. 
Such examples will easily suggest themselves to any 
operator with the assistance of a reliable book on the 
theory of colour. I may mention here a simple arrange- 
ment for showing the way in which the retina becomes 
fatigued by looking at an object for some time. 

It consists of a card with 
two semicircular openings, 
^ divided by a horizontal bar 
i (see fig. 49). Over one open- 
I ing, say the lower one, a 
Fig. 49. piece of card is placed so 

that the image of the upper one alone is projected upon 
the screen. After looking at this image for some time, 
the card obscuring the lower opening is suddenly with- 
drawn, and it is then strange to note how one opening 
appears to be far duller than the other, although both are 
in reality equally illuminated. 
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Another method which illustrates the tiring of the 
retina, and which also demonstrates the law of compli- 
mentary colours, can be shown thus : — 

A card having a round opening in the centre, filled in 
with red gelatine, is placed on the lantern stage, and its 
image allowed to remain upon the sheet for some little 
time, the attention of the spectator being concentrated 
upon it. The gelatine is suddenly removed, when al- 
though the image of the opening is of course perfectly 
white, it appears to be green, because the retina is tired 
by its exposure to the red, and can only for a time appre- 
ciate the remaining colours of the spectrum, which mingled 
form green ; of course, any primary colour can be chosen 
for the experiment, and its complementary tint will be 
made manifest. This is but a variation of that advertise- 
ment which has been so common in our streets for some 
time, where the onlooker is invited to gaze upon cer- 
tain colours for so many seconds, when the image of the 
coloured letters looked at will appear, but in their com- 
plementary tint, upon the blank space above. 

For experimental work with the lantern, a special form 
of instrument should be used. I have lately seen a form 
which I think found its origin in Germany ; in which the 
objective is so arranged on a sliding base board, that a 
clear space of some inches is left between it and the lantern 
condensers ; while a little table between the two serves to 
support any object whose shadow it is desirable to throw 
upon the screen. If we are content with the mineral oil 
lantern, — and with such a lantern a great many experimentf 
can be shown, at any rate in a small room, — ^we can ai 
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range matters in a very simple manner. Let the lantern 
stand on a base board, and let the objective be supported 
upon a sliding piece in front of that board. Cut away the 
tin nozzle upon which the objective fits in the ordinary 
way, so that any object can easily be brought between 
condenser and objective. Or to still more simplify the 
matter, we can use the lamp only of one of these mineral 
lanterns and place it as figured in the annexed cut (fig. 50). 

c 





Fig. 50. 



Fig. 51. 



Here we have a base board AA, with a fixed support in the 
centre B, which is pierced with a hole sufficiently large to 
contain the condensers of the lantern. Close up to this 
is placed the lamp L. Another support, C, holds the objec- 
tive, and this support by means of a sliding piece let into 
the base board, can be moved to and fro for focussing pur- 
poses in frcJht of the condensers. It will be seen that by 
adopting this arrangement, no lantern is necessary. We 
simply require the illuminator, which must of course be 
closed in, as sold with most lanterns ; a condensing lens ; 
and an objective. 

The number of beautiful experiments which are possible 
with the use of a glass tank, or rather, several glass tanks 
of the simple form shown in fig. 51 are surprising. Most 
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of these are of a chemical nature, but there are others 
which exhibit physical phenomena in a manner which is 
perhaps, impossible by any other means, or rather, we may 
say, that experiments which can only under normal con- 
ditions be viewed by one or two pairs of eyes on the lecture 
table, can by means of this tank be made visible to a large 
audience. 

A fine experiment showing the formation of vortex 
rings may be shown in the following way. Having filled 
the tank with clean water, take a penholder or a piece of 
stick pointed for the purpose and dip it into some milk, so 
that a drop forms at the end of it. Bring this carefully over 
the tank and allow the milk to just graze the surface of 
the water, when it will form a white ring in the fluid 
which will fall gradually downward, but on the screen, 
of course, it will appear to rise upward. This ring as it 
travels to the bottom of the tank will give rise to other 
similar rings, so that presently there will be quite a number 
of circles slowly moving upwards on the screen. This 
experiment is one which will illustrate well the formation 
of smoke rings, and of the more important phenomena of 
whirlpools and whirlwinds. 

Another experiment of a similar nature, and giving a fine 
effect on the screen, may be performed by filling the tank 
to within half an inch of the top with methylated spirit. 
Take now instead of a wooden rod one of glass, or a camel 
hair brush will do aswell. Dip it into an alcoholic solution 
of any of the aniline dyes, and just allow the drop which 
hangs from it to touch the inner side of one of the glasses 
of the tank. Directly this drop reaches the alcohol, it will 
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descend said imii-rliiitclT brwik *:z.z into a number of 
braDches. These br?ki:eLe& '^il: rr. tie screen aT>rh35ir to rise 
rapidlj upwards after the Tr.ri-.^.er if a ti:iz]ite7 -if M-lonred 
rockets, and bv varying the Dilo^rs •: f the ires ini puttinsr 
one or two drops into the tank sintilu:.- ■r»:-:iilY. a mcot lovelv 
effect on the screen is obtained. 

The decomposition of water is an: ther experiment which 
has a m'^/st cnrions effect. F» rt '.is experiment a small electric 
battery is necessarv. and the m- st convenient form to nse is 
a sintfle l>ichr«^^irif.te cell, s^v rf one pint ca;xicitT. This can 
be hidden awav in a box beneath the Lmtem, and as it 
gives off no fumes, there is nothing disogreeable in its nse ; 
moreover its action, if freshly charged, is enersretic, and this 
action can be stopped when required bv lifting the zinc 
plate from the solution in which it is immersed. The wires 
from the poles of the batterv must be lone enough to reach 
tlie lantern stage ; the slide for this experiment being simple 
in the extreme. The tank to be used should be of rect'^ngnlar 
form, and as a matter of convenience, it should be furnished 
with two binding screws on one of its outer sides, so that 
the wires from the Vjtittery can be readily connected with 
them. These screws should be in connection with two 
guttfi-|)ercha covered wires, which proceed to the bottom of 
the tank, where their ends are bare and turned upwards for 
about a quarter of an inch. These ends may be so fixed 
that they are about half an inch apart. The tank is pre- 
viousl}' filled with diluted sulphuric acid (one part of acid 
to (siglit of water), and is then ready for action. Directly 
(H)iinection is made with the battery, the two wires will 
rapidly give off bubbles of gas, one being hydrogen and 



THE BOOK OF THE LANTERN. 193 

the other oxygen. It is possible to elaborate this slide by 
crowning the two terminals with tiny inverted test tubes, 
filled with the acidulated liquid. In this case the bubbles 
of gas displace the contained water in the tubes, the hydro- 
gen tube being readily distinguished by being emptied of 
water at double the rate of the tube devoted to the oxygen 
gas. This proves in a very direct manner the composition 
of water, which consists of two volumes of hydrogen to 
one of oxygen. 

In order to show the generation of hydrogen gas alone, a 
still more simple arrangement can be adopted. The electric 
battery is not used for this experiment. A few pieces of 
granulated zinc are dropped into the tank of acid water, 
when bubbles of hydrogen will be rapidly given off, their 
downward descent upon the screen giving a very peculiar 
effect. 

In like manner carbonic acid gas can be generated by 
using a few pieces of marble instead of the zinc, and sub- 
stituting for the sulphuric acid water which has been acidu- 
lated with hydrochloric acid. We can also easily show 
that one of the products of the lungs is this same carbonic 
acid gas. In this case the tank must be filled with lime 
water, which will remain perfectly clear until it is blown into 
from the lungs by means of a tiny glass tube, when bubbles 
of air will rise from the water, and the liquid will rapidly 
bocome cloudy, proving that the carbonic acid from the 
lungs has formed carbonate of lime, or common chalk, in 
the water. 

It will be noticed that in all tank experiments it is 
necessary that the lantern stage should be open at the top 
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and such experiments are for tliis reason best performed 
with a lantern having the simple constmction shown in 
Fig. 49. These experiments are so valuable for educa- 
tional purposes, and can so easily be shown with ordinary 
oil -lit lanterns that it is to be hoped that manufacturers 
will see the necessity of providing for them by the adop- 
tion of an open stage. 

The composition of Prussian blue can be easily demon- 
strated by means of the chemical tank. For this experiment 
we shall require a solution of the yellow prussiate of 
potash from which the colour takes its name. This is 
placed in the tank. Have in readiness a solution of sul- 
phate of iron or green vitriol. On pouring the contents 
of this bottle by means of a pipette into the tank, a heavy 
blue precipitate is thrown down, but as this precipitate is 
opfique the colour is not perceptible on the screen ; but by 
adding to the blue precipitate a few drops of sulphuric 
acid, and following this by a little bi-chromate of potash 
in solution, a brilliant transparent blue is immediately 
made apparent. The formation of other colours can by 
reference to any book on chemistry be readily demon- 
stnited. 

The tests for acid and alkaline solutions by means of 
litmus can be demonstrated in the following way : — 

Fill the tank with a solution of litmus or with an in- 
fusion of purple cabbage, made by slicing a few of the 
leaves, and pouring boiling water upon them. Place either 
of these solutions in the tank, when, upon adding a small 
quantity of acid, the liquid will be seen to turn red ; sub- 
sequent addition of an alkali, such as a weak solution of 
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ammonia, will quickly restore the original colonr, and these 
changes from red to blue, and vice vers&, can be continued 
by adding acid and alkali alternately, as often as may be 
required. 

If the tank be charged with a solution of sulpliate of 
iron and gallic acid be added to it, a black solution of ink 
will immediately be produced. Another pretty exp3riment 
demonstrates the presence in hard water of various mineral 
matters which will cause certain chemicals to give a 
precipitate which they would not do in water that has 
been freed from mineral matter by distillation. A good 
plan of showing this is to suspend in a tank a crystal of 
oxalic acid. As the crystal dissolves in the -water long 
threads of oxalate of lime will be given off by it, forming 
a very curious appearance on the screen. It may then be 
shown that by the substitution of distilled for hard water 
the crystal will dissolve all the same, but these threads will 
not be given off, because there is no lime present to form 
them. The action of bleaching powder, commonly called 
chloride of lime, is well shown by filling the tank with a 
solution of indigo, which has been acidified with sulphuric 
acid. Upon adding a solution of the bleaching powder, 
the sulphuric acid will liberate the chlorine contained in 
it, and will discharge the blue colour of the indigo, leaving 
the disc on the screen perfectly white. 

The precipitates caused by the admixture of various 
chemicals is not effective in the lantern, for the reason that 
most of these precipitates are opaque, and therefore they 
look black upon the screen. 

For instance, we may fill a tank wiih a solution of 

o2 
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common salt, — i.e., tbe chloride of sodiam, — and upon adding 
to this a smiill qn ;iititj of nitrate of silver in solution, a 
heavy white precipitate of chloride of silver is thrown 
down, bat as this is perfectly op:v|ue it will only appear on 
the screen as black clouds. 

Other very beaut if al experiments may be performed to 
demonstrate the crvstallisiition of various salts. Plates of 
gLkss may be prep i red beforehand with saturated solutions 
of the salts, and these plates, slip;>ed into a slide carrier, 
can be used for projection, giving very fine effects. But 
by far the most striking way of exhibiting tliese interesting 
phenomena is to show the crystallisation actually in 
progress. 

This is easy enough if the lantern be furnished with a 
vertical atticliineiit, but not so easy without such an 
appendage. But the following experiiiieuts can be readily 
performed with an ordinary lantern. Prepire a satunited 
solution of sal-ammoniac, and with the help of a camel-hjiir 
brush cover a clean glass plate with the liquid ; place this 
glass on the lantern stvge, when the hetit from the lamp 
will 8j>eedily cause the water to evaporate and the crystals 
to form on the glass. It will be noticed that in the crys- 
tallisation of this salt the branches of the marvellous tree, 
which grows so rapidly on the screen, always keep at a 
particular angle to its stem. Another experiment of a like 
nature is performed by employing a solution of urea in 
alcohol, in which the crystallis ition is quite different, the 
plate being quickly covered with bundles of fibres which 
are no longer at right angles to the stem from which 
they spring, but take all kinds of different directions. 
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These experiments are of great use in demonstrating 
the gradual crystallisation of the varions mineral sub- 
stances of which the emst of the earth is composed. A 
yery beautiful experiment, showing the structure of ice, 
has been devised by Professor Tyndall. I cannot do 
better than descnbe the manner of performing it in his 
own words : " Take a slab of lake ice and place it in the 
path of a concentrated sunbeam. Watch the track of the 
beam through the ice. Part of the beam is stopped, part 
of it goes through ; the former produces internal lique- 
faction, the latter has no effect whatever upon the ice. 
But the liquefaction is not uniformly difEused. From 
separate spots of the ice little shining pointa are seen to 
sparkle forth. Every one of those points is surrounded by 
a beautiful liquid flower with six petals. 

" Ice and water are so optically alike that unless the light 
fall properly upon these flowers, you cannot see them. 
But what is the central spot ? A vacuum. Ice swims on 
water because, bulk for bulk, it is lighter than water ; so 
that when ice is melted it shrinks in size. Can the liquid 
flowers then occupy the whole space of the ice melted? 
Plainly no. A little empty space is formed with the 
flowers, and this space, or rather its surface, shines in the 
sun with the lustre of burnished silver. 

" In all ccses the flowers are formed parallel to the sur- 
face of freezing. They are formed when the sun shines 
upon the ice of every lake ; sometimes in myriads, and so 
small as to require a magnifying glass to see them. They 
are always attainable, but their beauty is often marred by 
internal defects of the ice. Even one portion of the same 
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piece of ice may show them exqnisitelj, while a second 
pfjrtion shows them imperfectly. 

" Here we have a reversal of the process of crystallisation. 
The searching solar beam is delicate enough to take the 
molecules down without deranging the order of their archi- 
tecture. Try the experiment for yourself with a pockeir 
lens on a sunny day. You will not find the flowers con- 
fused ; they all lie parallel to the surface of freezing. In 
this exquisite way every bit of the ice over which our 
skaters glide in winter is put together.** 

One of the most interesting chemical operations to 
witness is the development of a photc»graph, — and even 
experienced workers will say that they never tire of 
watching the gradual unfolding of the wonderful image. 
Those who have never before had the opportunity of watching 
the effect of the developing fluid on the blank plate, are 
delighted when first the operation is brought under their 
notice. It is certainly an experiment which never fails to 
interest an audience, when properly performed, as it can be, 
in the optical lantern. But the operator mast not be 
a novice in photography, or he will probably fail, for the 
experiment requires experience, and great care in all 
itM stages. 

A gelatine bromide plate, such as is ordinarily used 
for negative work, is of no use whatever here, for the 
film is too opaque for the purpose. A gelatine cAZbrtrfc plate 
(such as that described on page 133) is the right thing to 
employ. If we compare a bromide and a chloride plate side 
by side in the dark room, we shall soon see that there is 
little difficulty in distinguishing the one from the other. In 
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the first case, the film is so thick that we can see nothing 
through it, but in the case of the chloride plate the flame of 
the red lamp can easily be seen through the glass ; indeed, 
upon first using such plates, photographers are apt to 
wonder whether so thin a film can ever yield a pictura As 
a matter of fact, the film is as thick as that upon a bromide 
plate, only the emulsion of which it is composed is of a 
far more transparent quality. 

Having then a chloride plate at hand, and having if ne- 
cessary cut it down to a size which will enable it to slip 
with ease into a chemical tank, the course of operations 
will be as follows: — 1, Exposure; 2, development; and 
3, fixation. 

Provide a good negative (if it be a portrait of some one 
well known to the spectators, so much the better), and place 
it in a printing frame, with the chloride plate against it, 
film to film. Expose to the light of an inch of magnesium 
wire held two feet away from the printing frame, or to the 
rays of the lime light for about ten seconds. Now place 
the little tank on the stage of the lantern, and against the 
inner side of it, that is, next the light place a sheet 
of ruby glass. The effect upon the screen will now be 
simply that of a blank red disc. The exposed plate may- 
now be taken from the printing frame and plac-ed in the 
tank. Take good care that it is placed there upside down, 
so that the image when developed will appear the right way 
up. The developing fluid, ferrous oxalate (see page 121), 
may now be mixed. This should be at hand in two solu- 
tions, so that by mixing the one with the other the de- 
veloper is ready without any delay. As it is poured into 
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the tank, the surface of the fluid will appear as a descending 
line across the sheet. The strength of the developer should 
not be so great as for ordinary development, by which I 
mean that the proportion of iron can be conveniently 
reduced so as to render development less sudden than it 
generally is with chloride plates. When once the developer 
has been poured into the tank, the red glass can be with- 
drawn, for the ferrous oxalate developer is red enough in 
itself to form a protection to the plate from the light. 
Presently the image will begin to appear, and will gradually 
gain in strength. When it is fully developed, as it will be 
in about two minutes, the plate can be removed, washed, 
and placed once more in the lantern in a tank of fixing solu- 
tion. Here it will gradually get clear, as the unaltered 
chloride is acted upon by the hyposulphite of soda solution. 

To perform this interesting experiment in the most per- 
fect manner, a special form of tank may be employed. It 
should have a tap at its lower part, to act as a waste pipe. 
With this arrangement the chloride plate need not be 
removed from the tank at any stage of the process. When 
development is complete, the ferrous oxalate can be drawn 
off ; then water can be poured in, to be immediately drawn 
off and replaced by the hypo solution. 

The chloride plate employed can be put into the printing 
frame by gaslight, provided that the operation be performed 
with ordinary despatch. It should be noted, too, that these 
plates, or at least some brands of them, rapidly deteriorate. 
But the careful operator will try the experiment in private 
before he ventures before the public, and will take care that 
His plates are above suspicion. 
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Magnetic experiments are always attractive, and can be 
well shown with the lantern, for they gain greatly by the 
magnification possible with that instrument. Fig. 52 shows 
a simple form of slide which can be mannfactured without 
much trouble ; it consists of a bar of soft iron, bent as 
shown, and pointed at its ends. These ends or poles are 
brought to within half an inch of each other. Two 
wooden or cardboard reels, wound with a quantity of silk 
covered copper wire, complete the arrangement. The 
battery already recommended can be used with this mag- 
netic slide. Here are a few experiments possible with the 
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Fig. 52. 

contrivance. Drop upon the poles some iron filings, and 
show that they are not attracted until the battery connec- 
tion is made, for then and only then has the iron magnetic 
properties conferred upon it. Drop a number of small 
French nails, technically known as pins, upon the poles, 
when they will meet and assume curious forms, until the 
current is broken, when they will fall upwa/rd, as it will 
appear. A tiny disc of iron attached to the end of a silk 
thread and hung between the poles will take up a rigid 
position directly the battery connection is made, a similar 
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one of bismutli assuming the opposite direction nnder the 
same conditions. This last experiment is to show the 
difference between a magnetic and dia-magnetic body. 

But the most beautiful magnetic experiments are only 
possible with a vertical attachment fitted to the lantern. 
Obtain a couple of flat bar magnets two inches in length. 
Place one of these in the centre of the horizontal stage, and 
focus sharply on the screen. The appearance is that of a 
thick black bar. Now sift through a muslin bag some iron 
filings, so that the screen appears covered with black spots. 
Tap the stage with the finger nail, so as to disturb the 
particles of iron, and they will be seen to gather round the 
poles of the little magnet, and to form the beautiful magnetic 
curves. A still more striking experiment may be per- 
formed with two magnets so placed that their poles of 
opposite names, — N. and S., — face one another, while they 
are at the same time about one inch apart. Now scatter 
the filings as before, and the effect of the graceful curves 
embracing one another between the two poles is simply 
magnificent, iiemove the magnets, wipe the filings from 
the stage, and once more arrange the bars in the same 
position, but with poles of the same name facing one 
another. When the filings are now scattered over the 
magnets, a great contrast to the last experiment is apparent^ 
Where just now all was harmony, there is visible antago- 
nism. " Poles of opposite name attract one another, and of 
the same name repel one another." And this repulsion is 
most beautifully shown. The curves no longer embrace 
one another, but meet and turn back upon themselves, 
forming a line of confusion where the meeting takes 
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place. The experiments can be varied by altering the 
position of the magnets, or by using knitting needles which 
have been just before magnetised at the lectnre table. It 
will be noticed that these cnrve experiments require no 
battery power. They are performed with what are known 
as permanent magnets, in contradistinction to the electro 
magnet used with the special form of slide shown at 
tig. 52. 

In describing some of the experiments possible with the 
optical lantern, I have purposely refrained from detailing 
any of the splendid effects due to polarised light — for these 
have been already dealt with by my friend Mr. Lewis 
Wright, in a manner which it would be impossible to 
improve upon.^ 

^ " Light : a Course of Experimental Optics, chiefly with the 
LanterH." Macmillan & Co. 




CHAPTER XIV. 




THE LANTERN AS AX AID TO PHOTfXlRAPHT. 

HEN a pliotogi-apliic aspirant first enters upon tlie 
pra<:tice of what used to be known as the " black 
art," but wliicli now, thanks to the cleanliness of 
dry plate work, no loii^^cr merits that stigma, his friends 
and relatives {ill looli anxiously for some tangible results 
from his mysterious ojxjrations. To them a negative, 
allxiit it mjiy show lovely gnidations of tone, and 
bu;:uties of detail, which a muster's eye would revel 
in, is ni'<r;:tive in a far wider sense than its producer 
would be inclined to allow. A pnHluction in which 
bright slvics jiiid white skins are black as night, is a 
thing which cannot be understood or tolerated, and until a 
print of that negative is produced, — and sometimes alas ! 
even then, — the domestic critics are inclined to consider the 
amateur worker a fnvud. The ^Jiunstiking photographer, 
aftci" he has sm;ceedcd in obtiiining a few lu'gatives, will be 
anxitHis on this account, if not for his own SiitisfiK^tion, to 
print some jwsitives from them. These will afterwai'ds be 
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mounted in an album, and much pleasure will doubtless be 
derived from them. Tliey may possibly not be grand 
specimens of solar work, but they will serve to remind the 
author of many a pleasant ramble, and many little incidents 
of places visited and people met with, which otherwise 
might have passed into oblivion. He will be able " to fight 
his battles o'er again," as he tells his friends of difficulties 
encountered by the way. But at the best this means a 
great deal of work, and. work, too, which to a great extent 
is mechanical, and therefore tedious. The printing, toning 
and fixing of a batch of prints is no light matter to an ama- 
teur, who has generally to do everything for himself. Some 
prints are sure to get over-exposed, others suffer from the 
opposite failing, and even if all goes well in the preliminary 
operation of exposure, there is that terrible toning bath to 
come. This bath sometimes, for some obscure reason, will 
refuse to give the desired colour, and our batch of prints, 
instead of being " joys for ever," turn out to be sandy- 
looking, bilious objects, which we are afraid to show to 
anybody. 

What if some magician were to appear suddenly at the 
elbow of the disgusted worker, and tell him that there was 
a way of producing positives from those negatives without 
all this trouble ? That such positives could be shown en- 
larged to an almost indefinite extent, and that pictures five, 
ten, or fifteen feet in diameter could be shown in perfection, 
the original negative from which they are taken measuring 
only three and a quarter inches. There is no need for any 
magician, for the thing can be achieved, not easily, for the 
work, like most photographic manipulations, requires a 
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great deal of patience and practice before snccess is 
attained. The requisites are good photographic transpa- 
rencies on glass, and a good optical lantern wherewith to 
exhibit them. 

The lantern method of showing photographs has the ob- 
vious advantage that a large number can at the same time 
view the same picture under the best conditions. They can 
exchange opinions as to its merits, and can point out little 
bits of detail which would be almost invisible in a paper 
print from the original small negative. A great many 
amateurs, too, take only small negatives. They do not care 
to be burdened in their rambles with a large camera, 
which, with its inevitable dark slides or changing box, 
forms a very heavy travelling companion. Many, there- 
fore, are wise enough to content themselves with either a 
quarter-plate apparatus, or one which gives pictures mea- 
suring 5 by 4 inches. Prints from these small negatives 
are rather insignificant when mounted in an album, but 
such negatives are just what are required for lantern trans- 
parency making ; so that the tourist with his little camera 
is, with the help of the lantern, placed on the same footing 
as the toiler with large and heavy appanitus. He can in- 
crease the size of his pictures, or rather the images of such 
pictures, to any reasonable extent. I know of an amateur 
photognipher who spent three months on a Mediterranean 
tour. He took with him a quarter-plate camera, and its 
accessories, together with a stock of gelatine plates. He 
brought back with him about one hundred and fifty capital 
negatives, which were taken in Algeria, Tunis, Malta, 
Sicily, and Southern Italy. On his arrival in England 
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these were all printed as lantern transparencies, and he is 
now able to entertain his friends with an acconnt of his 
wanderings, and to illustrate his remarks in a very pleasant 
and novel manner. If the same negatives had been merely 
printed on paper in the usual manner, and shown in an 
album, they would, by reason of their smaUnesB, have met 
with but scant appreciation. 

I may instance another way in which the lantern can be 
utilised without the necessity of taking original negatives. 
Most travellers abroad collect photographs of any place they 
may visit, and an enormous trade is now done in such 
pictures. These are brought home in due course, mounted 
in an album, and too often, alas ! gradually fade into sioMy 
yellow ghosts of their former selves. Now, if these pictures 
were copied by a small quarter-plate camera, the negatives 
thus obtained could in their turn furnish positives on glass 
for use in the lantern. Transparencies so produced are 
never, it is true, so good as those from original negatives, 
for the texture and the gloss of the paper prints will gene- 
rally to some extent show themselves in the reproduced 
negative, but still it is wonderful what good results can be 
obtained in this way. Indeed, I may say that it requires a 
critical eye to detect that a second negative has been em- 
ployed. I have already detailed the best method of pro- 
ducing these negatives from paper prints, and have given 
some useful hints by which the disadvantages to which they 
are subject can be reduced to a minimum (see page 121). 

Paper prints naturally remind one of those portrait 
albums which are found in every house. Why should not 
these pictures also be adapted to the lantern P What a 
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fund of interest and amnsement could be obtained from 
an exhibition of life-sized pictures of friends and acquaint- 
ances well known to the family circle ! There is really 
no great difficulty in obtaining such pictures when the first 
principles are understood ; * and when practice has given 
experience, negatives from prints can be produced with a 
rapidity and certainty to which the most experienced land- 
scape photographer is a stranger. 

Nor must the young folks be forgotten. Although the 
" man swallowing rats" and the other monstrosities, known 
in the trade as " comic slips,'* still have an attraction to the 
eye of youth, surely wo can manage by the means now 
easily within reach, to place before the youngsters some- 
thing better worth looking at. The quaintly picturesque 
little youths and damsels diMwn by Kate Greenaway would 
have additional charm for their living playfellows if shown 
life-sized on a screen ; and nursery legends, as interpreted 
by Caldecott's clever pencil, would acquire a new interest if 
showji in the same fashion. Perhaps as amateur photo- 
graphy increases its number of workers, as it is rapidly 
doing, artists may find it convenient to draw subjects 
specially for reproduction as lantern transparencies. 

There is one feature in this particular class of photo- 
graphic work which I have not yet dwelt upon, and that 
is, the i)ossibility of producing these transparencies inde- 
pendently of daylight. So long as the spring, dummer, and 
autumn days are upon us, the possessor of a camera finds 
much other work to employ his time. Hih labours are 
mostly in the open field, adding to his stock of negatives, 
and he looks forward with regret to the many dark hours 
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which winter must bring, in which such work is impossible. 
But now is his time for lantern preparation. The negatives 
are looked up and sorted out, and by means of a gas flame 
or paraffin lamp he can print ofE transparencies more 
quickly than even on a favourable day he could produce 
paper prints. There is no tedious toning or extended 
washing necessary, and therefore the work does not entail 
half the trouble that he is accustomed to in ordinary print- 
ing. In addition to these advantages there is one other. 
A transparency on glass is far finer in effect than any 
paper print, for the reason that the picture is absolutely 
without texture. Magnify a paper print and the texture 
of the paper becomes at once evident; treat a good 
glass positive in the same way and its beauty is only 
increased. 

Lastly, the possessor of a lantern has another field of 
work in which it can be usefully and efficiently employed, 
— namely, in making enlargements. Not the evanescent 
and fleeting images already described, but permanent en- 
largements of a quarter-plate negative, which is sufficiently 
rich in detail and interest to warrant its production in an 
enlarged form. By means of an oil lantern, and a sheet 
of the excellent gelatino-bromide paper now to be pur- 
chased, an enlarged positive from a small negative is easy 
to produce. And here, again, the work is quite indepen- 
dent of the fickle sun, and can be accomplished in any 
room not specially set apart for the purpose. 

I have by no means exhausted the list of services 
which a simple form of optical lantern is able to render, 
but I have enumerated several which will serve my pur- 

p 
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poae ia pointing out ita extreme utility. In a sabseqnent 
chapter on enlarging I dwell in detail npon the various 
operations neceasary, and illustrate them by diagramB, 
so that readers may acquire a practical knowledge of the 
neceasai^ manipolationa 





CHAPTER XV. 

THE ART OF MAKING PHOTO-MICROGRAPHS. 

PHOTO-MICROGRAPH is the picture of a 
microscopic preparation, as seen by the eye 
when enlarged by means of the microscope; 
its converse, being a mnch-reduced image of an object 
photographed on glass, which is called a micro-photograph, 
and which can only be seen when placed in the microscope. 
This latter, however, is a mere curiosity, and, althoogh 
it excites some wonder when looked at^ has no educational 
or scientific value, except perhaps as a proof of the fine 
structure of a photographic film. A photo-micrograph, on 
the other hand, affords a valuable means of displaying to a 
large audience the delicate structure of various organisms, 
both animal and vegetable ; besides which that of coal and 
other minerals can be well exhibited. Lantern micro- 
scopes, — some of very beautiful construction, — ^have been 
brought forward from time to time, and one of them, at 
least, I shall refer to in a subsequent chapter. 

But although lantern microscopes may give very fine 
results, it is an indisputable fact that the amount of light 
which is able to get through the tiny aperture of a high- 
power objective, is small. And when this small amount 

p 2 
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has to be spread over a screen of even moderate propor- 
tions, the illumiuu.tion of the whole is so insufficient that 
although near observers are able to note that the disc is 
covered with a network of exquisite detail, those who are 
placed a few yards away cannot distinguish anything of the 
kind. If this is the caso with those whose sight is perfect, 
how much more true it must be of the large number of 
persons who are less favourably endowed. Probably the 
difficulty may be remedied at an early date by the use of 
the electric light, which is far more brilliant than the best 
limelight possible, and I know that experiments are 
being carried on in this direction ! In the meantime, we 
must look for other means of projecting the image of 
microscopic objects on a screen if we require such illus- 
trations for a largo number of spectators. I recommend 
the employment of plioto-microgniplis of the size of the 
ordinary lantern-slide, viz., 3^ x 3^ in. as the best way ont 
of the difficulty. I am, of course, aware that a photo- 
graph of an object is not in many cases so good as the 
object its(^lf. While this is true, it is also true that there 
are a great many prc^paratioiis which cannot be satisfactorily 
shown by any kind of projcciing apparatus, but they can 
be made to yield photographs which can be exhibited by 
the oj)tical lantern. There are many different ways 
of prodncing photo-micrographs. Some workei-s use tlie 
most complicated apparatus, whilst others seem to obtain as 
good results with i*ougli home-made appliances. But so it , 
is in every bniuch of science. Somebody wittily divided 
microscopic workers into two different species. He dubbed 
th(» first of these ** Br.iss and Glass," and the second 
"Bug and Slug." The first are the possessors of the 
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magnificent microscopes with all kinds of moTementB and 
expensive attachments, and who toy with their instruments 
rather than work with them. The second class are the 
hard workers, who will be content so long as they possess 
one or two good powers, and have anything in the shape 
of a stand to hold them in position. They will accomplish 
far more real work with a simple magnifying-glass than one 
of the "Brass and Glass" fraternity with his gorgeous 
array of instruments. 

One of the most simple methods of obtaining a photo- 
graph from a microscopic object is to use a little camera, — a 
cardboard box with a hole at the bottom to fit over the 
microscope tube is sufficient, — ^placed above the microscope 
as it stands upright on a table. To simplify matters, the 
eyepiece of the microscope should be removed, — a method ol 
procedure which I recommend in all cases. The upper part 
of the cardboard box should be furnished with a lid on a 
hinge, and should have a curtain of black velvet all round it> 
to prevent any access of light. On its inner sides, half an inch 
below the lid opening, should be glued four little pieces of 
wood to support the focussing screen ; the same support 
serving later on to hold the sensitive gelatine-plate in posi- 
tion. Now let us go through the required operations. The 
image is focussed by daylight, or lamplight, as the case 
may be. The focussing glass is then removed, and while 
the room is darkened the sensitive plate is inserted in its 
place, the lid of the box shut down, and all is ready for ex- 
posure. The time of exposure is of course a matter depend- 
ing upon a host of circumstances to which we need not here 
refer. The exposure having been made, the plate is de- 
veloped in the usual manner. 
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Another plan is to bring down the microscope to the 
horizontal position, — and most microscc-pes allow of this 
being done. — and to push the end of its tnbe into the flange 
opening of an ordinary photographic camera, with the lens 
of the latter removed. Bnt both these methods have 
a disadvantage, among many other drawbacks, which 
will at once disappoint the operator. The image afforded is 
so small. The tube of the microscope gets in the way, so 
to speak, and a large portion of that image is cnt off. This 
can be remedied by an arrangement of the apparatus which 
I am now about to describe, and bv which I have taken a 
number of photographs which leave little to be desired in 
point of excellence, while the necessftry manipulations are 
carried forward with that ease and nicety which go for to- 
wards the production of first-class results. 

Tjet it be at once pointed out, in spite of the opinions of 
our " Brass and Glass " friends, thjit an expensive instru- 
ment is not required for this work. (Indeed, I will presently 
point out how it is possible to obtain capital photo-micro- 
grM[)hs without any microscope at all, although the essen- 
tijil part of tliat instnament, — the objective, — ^must be 
employed.) What is wanted is a good firm stand, and a 
fine adjustment, and even this is not very necessary unless 
hi^h ])ower8 are employed. But the majority of readers 
will l(M)k for some ready means of photographing objects of a 
p< )pular charjircter. The proboscis of a blowfly, the industrious 
ilea (or bee is it ?), section of the echinus spine, and so on ; 
such things as can bo readily photographed with the " inch" 
objt'i'tivo. And to readers who are content with such as 
those T chiefly dirwt my remarks, leaving them to study 
the excellent treiitisos and articles upon the subject of 



photo-microgmphf , wUcIi hsTe been published, when they 
feel themBelveB capable of 
higher Sights in this most 
intereBting dom&in of 
Bcientific research. 

The microBcope which 
I use is of a very ordinary 
pattern, as may be noticed 
in the diagram (fig. 53) ; 
bnt three little alterations 
in it make it very con- 
venient for i^ob^raphic 
work. In the front 1^ 
of the claw-shaped stand 
a 3-16thB inch hole has 
been bored, so that the 
instrument can by means 
of a screw be rigidly 
fixed npon a base board. 
The next alteration is in 
the length of the tube. 
Originally seven inches 
long, I hare had it 
separated at nearly the 
centre, so that it can bo 
reduced to three inches ; 
hut an inner tnbe otot 
which the outer one 
tightly fits, allows me to 
use the microscope for on..iiary pnrpoBM with a tnbe of 
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normal length. Tlie third modification which I have intro- 
duced, is a groove cut in the milled head of the fine adjust- 
ment screw, the purpose of which we shall presently see. 
For photographic work, the mirror is thrown out of gear, 
as indicated in the diagram, for it is not required. 

Referring once more to this diagram, ^ ^ is the table on 
which the whole arrangement rests, and it is best to have 
a table for the purpose, or at any rate a level base board, 
upc>n which all necessary fixtures can be made; c is a 
camera which should open out to great extent (most 
modem cameras are made to do so, so as to give the 
photographer the benefit of using long-focus lenses); 
m is the microscope, s the stage, p the mirror thrown 
back out of use, n the coarse adjustment, and k the fine 
adjustment. We can now see the advantage of providing 
this milled head of the fine adjustment screw with a 
groove. In this groove is placed a silk cord, which 
works in a corresponding groove in the little wheel 
which is fixed on the end of the focussing rod o o. By 
means of the knob d at the other end of this rod, the 
operator is able to work the fine adjustment to a nicety, — 
while he is far away from the microscope, — examining 
the image on the ground-glass screen of the camera. 

A word about this screen will not bj amiss. Ordinary 
ground-g'ass will not do for this class of work, for it is 
far too coarse. It should therefore be replaced by a 
focussing screen prepared as follows : — Obtain a sensitive 
gelatine plate, such as is used for negative work, expose 
it to the light of a gas flame for a second, and then pro- 
ceed to develop it. Develop until it is uniformly 



THE BOOK OF THE LA17TERN. 217 

darkened to a small extent, fix and wash in tlie nsual 
manner, and then bleach it in a solution of mercuric 
chloride. The result will be a plate covered with an 
exquisitely fine translucent surface, upon which the 
finest details will be visible. The exact amount of 
exposure and development to secure this end may not 
be at first hit upon, but one or two trials will be sure to 
end in a satisfactory result. Some workers prefer to use 
a pliin glass upon which fine lines have been ruled 
with a writii^g diamond. In any case the worker will 
find the advantage of supplementing his eyesight^ how- 
ever good, by a focussing glass. In this way a far sharper 
focus is obtainable than by the unaided eye. 

To describe the rest of the diagram, let me point out 
that / is an ordinary microscopic paraffin lamp^ furnished 
with a reflector/, and that A is a condensing lens, having 
a*itached to it a diaphragm-plate, e, 

Mr. T. Charters White, M.R.C.S., has published a 
method by which photo-micrographs can be produced 
without the aid of either a camera or a microscope, which 
is very creditable to his ingenuity. I had recently the 
pleasure of he-iring him describe the instrument, while 
he practically demonstrated how effectually it would 
work. The apparatus was home-made, and such as 
could be produced by any one with the minimum of out- 
side help, although there are many accustomed to the use 
of tools who could easily make it without any help at all. 
I appond a diagram which shows the various parts of this 
simple contrivance (see fig. 54). 

It consists in a lidless box suffieientlj large to con- 
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tain an ordinary microscopic lamp, an olijeotiTe whioli 
Bcrens into one end of the box, — and a movable stage 




Fio. 64. 

to hold the object, having a screw attachment, ho tbftt 
it can be moved to and from the objective la order 
that the image may be sharply focuased npon a 'piaibe 
held in a frame outside. This frame is fixed to a 
grooved board, which can be moved in and ontof the base 
board, and this movement determines the dutanoe of the 
image projected from the lens, and tiierefore the bIm of 
that image. The apparatus may indeed be compared to 
an optical lantern in its arrangements, except that the 
condensing lens (an ordinary one on a stand such bb is 
used for microsco]>ic work) is contained within the box, 
and that the object to be projected is on a special form of 
movable stage, as above mentioned. This stage, or fine 
adjustment, consists of two parallel and horizontal bars, 
with a fine screw of the same length laid between them, 
and which works in a threaded orifice in the lower part of 
the stage. The end of this screw nearest the light ia 
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crowned with a grooved wheel, which is geared by a piece 
' of cord to another similar wheel at the end of a focussing- 
rod, which is brought within easy reach of the plate- 
carrier outside the box. 

These various arrangements will be rendered clearer by 
reference to the diagram, where is the objective, S the 
stage, F the focussing-rod, L the lamp, C the condenser, 
and A the frame holding the gelatine plate, or the 
focussing-glass, as the case may be, for one takes the 
place of the other. And let me say, in passing, that this 
method of withdrawing one glass so that the other can 
take its exact place, is the best that could be adopted, for 
the merest fraction of difference in register would be 
perceptible in photo-micrographic work, while it might 
remain undiscovered in negative taking of the ordinary 
kind. 

Mr. White's apparatus was, at the time I saw it, fitted 
with a 1-inch objective; but he told me that he had 
used higher powers with it. It certainly is capable of 
very fine work, as was proved by an album full of speci- 
mens which he exhibited. His focussing-screen was a 
plain glass, ruled with lines by a diamond, and he 
employed a focussing eye-piece. But it is evident that, 
with this method of working, the operator could employ 
an opaque screen, such as a piece of opal glass, for the 
room in which the work is carried on takes the place of 
the camera, and he is practically within it, and can 
look upon the side of the screen which is next the 
light. By means of a scale upon the sliding-board which 
carries the gelatine plate, it is easy to note, without actual 
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measnrement, the amount of magnification of the image. 
And this magnification can be carried to any reasonable 
extent, for the worker is not limited, as he would be if 
using a camera, by the length to which that camera can 
be extended. 

But perhaps the simplest arrangement of all is that 
recently introduced by Messrs. Mawson & Swan, and 
which is shown at fig. 55. A is a light metal disc, which 




Fig. 55. 



can be screwed on the camera front in place of the ordinary 
lens. The opening in its centre is furnished with the 
regulation microscopic screw, so that any ordinary micro- 
scopic objective can be readily fixed to it. Upon two 
horizontal bars, projecting from this metal disc, there 
slides another similar disc B, also with an opening in the 
centre. This second disc has fitted to it a pair of small 
spring clips for the reception of the microscopic slide 
which it is desired to photograph. Focussing is effected 
^y sliding the disc B to and fro in front of the objectire 
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on A. It will be readily seen that the apparatus may bo 
rendered more effective by the attachment of a screw, op 
fine adjustment for more accurate focussing ; but with the 
lower powers this would not be needed. It is an addition, 
however, which the makers will supply when required. 

All the objectives made by Messrs. Swift, as well 
as those by a few other makers, are corrected for 
photography, but in those of older date the visual focus 
does not agree with the chemical focus. As a rule, no 
difficulty will be found with the higher powers, and with 
the others a few trials will soon show what allowance in 
focussing must be made. As a rough guide to what must 
be done to correct this fault, which is rendered evident 
by a sharply-focussed image appearing blurred in the 
negative, proceed as follows: First focus the image as 
sharply as possible, and then cause the objective to 
approach the object until the latter seems to be sur- 
rounded by a reddish light; now take the photograph 
and it will be sharply defined, although the image did not 
look so on the focussing screen. 

The ferrous-oxalate method of development, described on 
a former page, is very suitable for negatives taken for 
photo-micrographs. These negatives are then made to 
furnish lantern slides in the manner detailed in a former 
chanter. 




CHAPTER XVI. 



ENLARGING PnOTOGRA.PnS WITH THE LANTERN, 




HE amateur who works with a quarter plate 
camera will often congratulate himself upon 
the slight burden which it entails, even when 
several double backs and spare plates accompany 
it. But he will also regret that the little pictures 
which it yields, — measuring only 3 by 4 inches when 
trimmed and finished, — are, after all his trouble, so 
very insignificant-looking. He may possibly have availed 
himself of the instructions already given for the produc- 
tion of lantern slides from such small negatives, and thus 
ascertained that his pictures are full of detail, and will 
bear enlargement. But lantern images are fleeting things, 
— dissolving views, in truth, — and he would fain endeavour 
to find some more permanent way of increasing the size 
of his pictures. Thanks to the wonderful photographic 
revolution achieved by gelatine emulsion, this can be done 
without very much trouble or difficulty. 

Til using the lantern for exhibition purposes we employ 
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for slides transparent positives on glass, and it stands to 
reason that, if the sheet or surface npon which the image 
is thrown were, by chemical means, to be made sensitiye 
to light, we should obtain much the same result that we 
get by means of our camera, — ^a negative image, which can 
be rendered visible by development. If, on the other hand, 
we employ one of our little negatives as a lantern slide, 
we can produce from it a positive. Such is the theory 
which we will now endeavour to reduce to practice. 

The lantern employed can be of the ordinary kind used 
for projection, but in this case, where the condenser only 
measures 4 inches, it is obvious that a negative measuring 
less than that size will be the only one available. The 
operator will therefore be better off with a lantern made 
specially for enlarging purposes, the condenser of which 
must be at least 5 inches in diameter to accommodate a 
quarter-plate negative. It might, in many cases, be prac- 
ticable to fit the ordinary lantern with a condenser of that 
size when it is proposed to use it for enlarging purposes. 
Whatever be the arrangement, there must be in front of 
the lens of the lantern a flat board upon which the image 
can be projected, and which will serve as a support for the 
sensitive surface at a later stage of the operations. 

A convenient form of upright easel is shown at fig. 56. It 
can be moved backwards and forwards between a couple of 
laths nailed on the floor, while the enlarging lantern 
remains stationary. A light-tight box above it contains a 
roll of sensitive paper, which can be pulled down and cut 
ofE in lengths as required. This easel has a hinged frame, 
so that when a su£Glcient length oi the paper is drawn down 
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the pfifxir is held tiirht without the necessity of using pina^ 
or othf;r hxfHf: fiistenings. 

Fi^f. 57 hIiows a hirjrer view of this box, with its sapph^ 
of Br;riHitivr; tnii,U:v\ii\. liut the betrinner would no doubt^ 
first, of J II, rrXfKjriment with a sim|'le Ixxird, and one 
inciiHuriii^ 12 iiurlKs by 10 inches would l:>e ample. 

'Huj wmsitivo siirfnce to be employed when a direct 
|M»;itive M re<juire<l, itt ijaj)cr specially prepared with a 
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boating of gelnti no-bromide of silver emalsioD. If an 
enlargi;d negative is desired, either an ordinary gslatdne 
(glass) plate of the required size may be employed, or a 
paper negative can be made in the manner to be presently 
described. Messrs. Moi^n & Kidd, of Bichmoud, were 




the first to introduce " argentic gelatino-bromide paper," 
and therefore the circumstance shonld be noted to their 
credit. It can now be obtained from moat other dealers, 
and its miiuufactnre is so irell understood that it will be 
found generally reliable. It can, of course, be used for 
contact printing as well as for enlat^^ing pnrposes. But 
perhaps the s^inguine amateur may prefer to manufacture 
it for himself, and tiiere is no reason why he should not 
succeed in doing so, if he is already master of the secret of 
making an emulsion which neither fogs nor frills. Here 
is a necessarily brief outline of the method of going 
to work : — 

Procure some good plain Saxe paper. Having made 
wid fiHered your emulsion, allow it to set to a jelly in a 
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dish. With a good stiff hog-hair stencil-brush break up 
the cold jelly, and rub it vigorously over the paper, just as 
you would break up cold starch jelly in mounting prints. 
Now drag the paper slowly over an earthenware foot- 
warmer, which has been duly charged with boiling water. 
The heat will cause the little specks of jelly on the paper 
to melt and mingle, and the whole will present a smooth 
surface. The paper must now be hung up to dry, or it 
may be used at once. I need hardly say that all these 
operations must be conducted by non-actinic light. The 
majority of workers, however, will prefer to buy their 
argentic paper ready-made, and, by doing so, save them- 
selves possibly much vexatious disappointment. 

Any room will serve for the purpose of making an 
enlargement; but it is preferable to conduct the work 
at night, because then is saved the trouble of darkening 
a room so that it is really fit for photographic opera- 
tions, by no means an easy matter. Having a dark 
room, the furtiier requirements are a lantern, a screen 
as aforesaid in fi-oiit of it, with a sheet of white paper 
pasted over its surface, a good red lamp, a developing 
dish, the necessary chemicals, and, lastly, plenty of water 
and a pail for wa«te solutions. If the room has in 
it a tap and sink, so much the l)etter. The negative 
(which should l)e ii good one, or it will not be worth 
enlarging) is placrcd in the lantern like an ordinary slide, 
taking care that the film side is turned towards the screen, 
and away from the light. Now carefully focus its image 
on the white board. Having placed lantern and screen at 
such a distiince from one another that the image is of the 
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required dimensions, and having seen that that image is 
as sharply focussed as possible, it will be as well if a slip 
of sensitive paper, say, 1 inch wide, is first of all exposed 
as a pilot. 

In the hurry and bustle incidental to, if not inseparable 
from, every-day life, we all have a tendency to work too 
much by rule of thumb, and it must be confessed that rule 
of thumb often turns out very good results. But^ in spite 
of this, and of the old adage to the effect that an ounce of 
practice is worth a pound of theory, we cannot afford to 
give theory the go-by entirely. Theory is a useful servant, 
but a bad master, for those patient, plodding creatures who 
think of nothing else seldom turn out work which has the 
stamp of genius upon it. Theory holds them down in her 
rigid grasp, and they have not the pluck to try anything 
or dare anything that seems opposed to her teachings. If, 
on the other hand, theory be regarded as a reliable servant, 
to be consulted when difl&culties occur in practice, her 
value will soon be recognised. 

These thoughts cume into my mind once when watching 
a young experimenter, who was endeavouring to make 
some enlargements on bromide paper from small negatives, 
by means of an oil lantern. The negative was placed 
on the stage of the lantern, and its image was projected 
upon the side of a wooden packing-case, which stood on 
the table in front of it. My young friend was endeavour- 
ing to make from his small negative (J-plate) enlarged 
copies of different sizes ; and, to obtain the different sized 
images, he had, of course, to move the focussing surface 
either to or from the lens as the image was required to 
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be smaller or larger. But with regard to exposure he 
worked entirely by rule of thumb, or rather, I might 
say, by no rule at all. Tt was all guesswork, and, 
although he tried many pilot slips of paper with watch in 
hand, he failed to turn out any really correctly-exposed 
pictures. His failure was chiefly due to his utter ignorance 
. of the law in optics, which has been already considered, 
on page 118. 

Referring once more to fig. 39 on that page, let the four 
squares numbered 1, 2, 3, and 4, be printing-frames 
placed at distances of 1, 2, 3, and 4 feet from a 
candle-flame. Let us suppose, also, that we have ascer- 
tained by experiment that the plate or paper in the first 
position (No. 1) is sufticiently aJBPected by the light if it 
remain there for one minute. (This is, of course, merely 
stated as a case in point. Bromide paper at such a distance 
would be suflficiently exposed, under a normal negative, in 
about eight seconds, while a chloride plate under such con- 
ditions would want two minutes or more.) Then, if we re- 
move the frame to position No. 2 — at 2 feet from the light 
soiiriu; — the necessary exposure will not be doubled, as some 
miu^ht think, but quadrupled. For the square of 2 is that 
number multiplied by itself, — i.e,, 4. The right exposure, 
thori'fore, will be four minutes. Removing the fi*ame to 
position 3, we must once more square that number in 
orfi(;r to arrive at the right number of minutes, for ex- 
posure at this incruiised distance. 3 x 3 = 9. Therefore 
nine minutes will be the time. It is easy to see that when 
the priutiiig-franie is removed to the farthest distiince of 
all, which is 4 feet from the light source, the exposure 
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Will be sixteen minutes. To make the diagram more 
explicit, the vertical squares 1, 2, 3, and 4, have been so 
subdivided that the number of spjvces in each indicates 
the number of units of exposure, be that unit a second, a 
minute, or an hour. The same rule holds good for en- 
larging operations. Tlius, supposing that we are working 
with an optical lantern, and that the necessary exposure 
at 1 foot from the lens is half a minute ; at 2 feet the 
time will be two minutes; at 3 feet four minutes and 
a half ; and so on. The practical worker will have this 
little bit of theory in his mind whenever he is operating, 
and he will soon be convinced that the theory is strictly 
correct. 

Another help in enlarging, which will be found useful, 
is a little piece of apparatus, — if it can be dignified 
by that name, — which I have lately made, and which I 
call an exposing-gauge. It is so simple in construction 
that any one can make it out of a couple of strips of card- 
board. The arrangement is shown in fig. 57. The size 
of the gauge is immaterial, but a length of 20 inches 
will be found convenient. A slip of card of that length, 
and about 1 inch in breadth, is cut with pointed ends, 
each point having a hole pricked in it as shown. By these 
holes, and with the assistance of a couple of drawing-pins, 
the contrivance can be readily attached to any flat surface 
upon which the enlarged image from the lantern is 
focussed. Placed above this slip is another piece of card 
slightly shorter, and with a round hole in the centre. The 
two strips are bound together with pieces of tape glued 
over their upper and lower edges, the two ends being left 
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open, like a sleeve, for the reception of a slip of paper 
like that shown in fig. 58. 

Fio. 58. 
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Fig. 59. 

Fig. 59, as indicated, really consists of two slips of paper 
gummed together end to end. One is sensitive bromide 
p per, ten inches in length, which has been spaced out 
into five divisions, and marked a, by c, d, e, with an aniline 
ink pencil. The other part is ordinary white cartridge 
paper, slightly longer than the sensitive slip. Its purpose 
is to serve as a handle by which to pull the sensitive paper 
through the sleeve, and also to furnish a white surface 
upon which a small part of the picture can be focussed, 
that small part being confined to the central circular hoi 
in the upper card. 

Now let us see how the gauge is used in practice. It is 
first pinned on the focussing board so that a distinctive 
part of the image is thrown upon the central hole. In the 
case of a portrait this should be the eye. Having focussed 
carefully on the blank paper, the first division of the 
sensitive slip, which will be that marked e, is pulled in 
front of the opening. Let this be exposed for, say, fifteen 
seconds ; then pull the slip onwards, and expose d for 
twenty seconds, c for twenty-five seconds, and so on. The 
^jauge is t!ien taken into the dark room, its slip of sensitive 

ler taken from its yoke-fellow, and carefully developed. 
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It will then soon be seen which of the lettered spaces has 
received the correct exposure ; and a memorandum noting 
time and distance of lens from screen can either be 
attached to the negative, or entered in a book against a 
number corresponding with a number scratched on the 
glass negative. 

The same principle can be applied to contact printing 
in a frame on bromide paper, by gas or lamp light. When 
the frame has been charged with its negative and the 
bromide paper, support it upright at a distance of, say, 
18 inches from the turned-down flame. Now, place 
in front of it an opaque card, suflBciently large to more 
than cover the frame. This card should have a hole about 
1 inch in diameter cut in it in one comer. Turn up the 
light and expose for five seconds. Alter the position of the 
hole and give ten seconds, and so on. When the paper is 
subsequently developed the several exposures can be 
readily identified, and the negative can be labelled to the 
efFect that it requires so much exposure at a given distance 
from a flame. Thus — Bromide paper, 18 in. 26 sec. This 
negative will then be an infallible guide for the exposure 
of negatives of a similar type ; for a systematic worker, 
unless he be quite a beginner, will fall into the way of 
producing negatives of much the same character and 
strength, and printing from them by lamp light will then 
become an easy matter to hi<n. 

After this somewhat long but not unnecessary digression, 
I will resume my directions for enlarging on bromide 
paper, and for the sake of simplicity will suppose that the 
operator is not supplied with the special form of easel 
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which I have referred to, but is using a mere board for the 
purpose. 

The paper is supplied in cases, either in flat sheets, or 
rolled with the sensitive surface inwards. A piece of the 
required size is pinned on the focussing board ; and the 
best way to do this is to pin the two upper corners 
first, and to unfold the paper over the board, pinning it 
down at the edges as required. Drawing-pins will do, but 
ladies' bonnet pins are much more easily handled in the 
semi-darkness of the room. Now uncover the lens for the 
proper time, and be careful that the lantern is quite free 
from vibration. If you wish the picture to be vignetted, 
this is most easily managed during exposure. A piece of 
brown paper, a foot square, is cut in the centre with an 
oval opening, with a serrated edge. Hold this in front of 
the lens, and keep it in gentle movement, so that the 
pointed edges of the paper are always changing their places. 
This will cause the edges of the picture to be ill-defined, 
and a white m iroin will be left outside them. 

I need hardly point out that in enlarging by this method 
the operator has a wonderful amount of controlling power 
at his disposal, in bringing out certain parts of the picture 
with extra density, and reducing those parts which may 
require such treatment. Thus the distant portion of a 
landscape may be lightened by a card moved with discre- 
tion over that part of the image during exposure. If, too, 
some point in the negative is of unusual density, it can 
receive extra exposure by using a card with a hole in it, 
in front of the easel. 

At the end of the exposure the lantern is capped, the 
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paper is unpinned, and carried to the developing dish. It 
is now saturated with cold water on both sides, and clean 
hands may assist in spreading the water over the surface 
until it lies perfectly flat on the bottom of the tray. The 
water is now drained off and the developer applied. The 
ferrous oxalate method is by far the best to adopt, but the 
proportion of iron should be reduced to about one-sixth, or 
even one-eighth of the oxalate solution ; and to insure the 
best results, the exposure should be such that only a very 
small dose of bromide solution is necessary. Some workers 
prefer to bring the image out slowly by using an old 
ferrous oxalate solution. I myself prefer it mixed per- 
fectly fresh, and am quite certain that if the best results 
are looked for, fresh developer should be mixed for every 
print required. The development must not be carried too 
far, for the image gains in density under fixation. When 
development is judged to be complete, drain off the liquid, 
and immediately, without washing, flood the surface of the 
picture with an acid solution. 

Acetic acid (glacial) 1 draohm. 

Water 16 oances. 

The addition of this solution keeps the whites of the pic- 
ture pure. In a minute or two pour the acid away, wash 
the print, and fix in fresh hypo of the usual strength. The 
print ought to be fixed in about ten minutes ; if it is allowed 
to remain in the hypo longer than necessary the half-tones 
are quickly destroyed. Now wash the paper in several 
changes of water, and let it soak for a couple of hours at 
least before drying. 

It is not very difficult to print in clouds, from a separate 
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negative, on an enlarged positive on bromide paper. The 
process depends npon the circumstance that the paper 
remains sensitive to light, — but in a diminished degree, — 
after the developing solution has been applied to it. Pro- 
ceed as follows : — Expose your landscape as usual, but stop 
development before the required density is obtained, and 
wash the paper. Now placing your cloud negative in the 
lantern, pin up the paper once more, shielding the land- 
scape portion by a piece of card kept in movement, and 
give another exposure. Now re-develope to the right 
density, and you will find that while the landscape gains 
in strength the clouds will become faintly apparent. The 
picture can then be fixed and finished according to the 
directions given. 

If several copies of an enlargement are required, the 
best method will be to make an enlarged negative on 
paper, using a glass positive (an ordinary lantern slide) in 
the lantern. The same operations as those just described 
are necessary, but the exposure can with advantage be 
increased. I should also recommend the use of alkaline 
development, and I think that washing soda and pyro is 
the best form of it for the purpose. The paper negative 
when dry is rendered transparent by being passed through 
a bath of melted paraffin wax. It can then be used in 
an ordinary printing-frame to produce prints as may be 
desired. 

Some time ago I published a new method of obtaining 
enlarged negatives, which will be useful to those who wish 
to work with an ordinary lantern, and who are ready to 
undertake the task of plate-making. 
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I had occasion to obtSain from some half-plate negativefi 
some copies of them on plates measnring 16 bj 13. The 
problem I pnt to myself was this, — which is the quickest 
and best way of accomplishing the work ? After some 
consideration I determined to work with the limelight, 
for the weather was dull and uncertain at the time I am 
speaking of, and 1 thought that I would at once eliminate 
one common source of error by adopting a mode of illumi- 
nation which represents a constant quantity. This being 
settled, I next thought over the difEerent systems of en- 
larging, and finally decided to try a new plan. 

I am so constantly using the lime-light for lecture 
purposes, that a residue of oxygen is always at hand, 
ready for any home experiment that I like to try ; other- 
wise, I should, perhaj 8, have decided to carry out my plan 
with some other illuminant. Fitting a blow-through lime- 
jet to an experimental lantern with a 4-inch condenser, 
and with a quarter-plate portrait lens as the objectiTB, mj 
optical arrangements were complete. But a 4-uioh oob- 
denser is clearly useless for projecting the image of a 
negative nearly double its area. My first operation waa, 
therefore, to make some small positives on glass from tlie 
negatives. This was easily done by fitting the negatiy«8 
into my copying apparatus, and using a qnarier-plate 
camera. The size of the resulting positives was just two 
inches across ; smaller, it may be thought, than was abso- 
lutely necessary. But, by this plan, I employed the best 
part of the projecting lens, and there was no dhanoe d any 
falling ofE in sharpness at the margin of the piotares. 

The small nositives were made with very great oare. Hie 






« _ 



i'.i -w -/ i. --.-r :: rTT. prlr.* ir.:=i^T:aIij. Triis was obriated 

T '. ►; ». • : vrr- . * . t .'. . :^'L ir.«si.?Ti7:::^ oalj 2 inches across, 
-Av.-t; Va .•:'-:. : 7 ■: :iv-.r.:^:i>:: ^ tLr standikrd pUtes for 
\^.:.'^f:r:. o! ■•.."-:-. ^>*^ hy -j^ : a... tl.:jt a bror»d margin of 
f:\if^r '/\>*'.: . ■.-rri.^ir.r'i j*' r .:i:1'1 them. Trii.s was ooTered 
•A'infi ^';»'^r5: Virr.:-?.. ;>f:»r-- '^:.i':!- t-.-fr irLwa-rs were fitted mto 
t. h r; ,-'.;>! '/ r- /^ v —l ^ ■; * rr: ',- r* -iZir*. w-A. in la n tt-m work. 

'Y\if: rj«»' \':.\'.'j '.v>»- to :»rr.»rii:'.- » pr'ip-.-r f «x;p ssing-s c re c n 
for tfj*; ."':■•*■ fit.'-: I '^f th',- iniJiL'-,-. Tf;!-! t'.ok the form of a 
hh'-'t. of {/I »-sH. 10 ^y Ki. oovt,-r'_"l on une side with, white 
\fii\tfr. IV :rf I [K^mry wrK/K.:. c ips, fastened to the wall at a 
('/>u:'t:\\\*:\\l Ijfjitflit from t;.v irround, hell this papered glass 
in [yi-.it ir^n, and in such a \\-,\\ tliat it could be readilj re- 
rnovf;d juid a Kfjnsitivo pl^ttt- put in its pWe. 

ft, i.H with roj^jird t/i tha sensitive plates that I mnst now 
h]f:.ik. \ found thfit commercial plates of the size reqnired, 
1 hy 1 :j, w(ri-f- very expensive ; if I remember rightly, some- 
tliini.^ liki! £2 jHir dozen was the price quoted to me. This 
wiu* III on ! tlifin I cared to expend on mere experimental 
work ; Usifles which, it ^oes agiwnst the grain to buy 
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had put away somewhere a jar of chloride emtilsion, which 
I had made some months before, and had left neglected for 
want of opportunity to make plates from it. Why, thought 
I, should I not make some 16 by 13 plates with this 
chloride emulsion ? The thing was no sooner conceived 
than put in practice, and that night the plates were coated 
and racked, to the number of eighteen. I also was careful 
at the same time to cover a few quarter-plates, with which 
I could make trial exposures. 

There is one great advantage in manipulating chloride 
emulsion and the plates made from it : it is so insensitive 
— about 100 times less so than bromide plates — that the 
brightest of yellow lights can be used without affecting it. 
I use a brilliant paraffin lamp„ surrounded by a wire fence, 
and t\As is covered with a screen of yellow oiled paper. 
The light given is so great that a book can easily be read 
at the further end of the room, and my coating-room is 
quite a large one. 

Two days later I was ready for work, and had the 
lantern adjusted at the right distance from my focussing- 
screen on the wall to give an image of the required size. 
Carefully focussing the first picture, I took one of the 
little trial-plates, and held it against the focussing- soreen 
for one minute. Upon development it showed under- 
exposure. One or two more trials resulted in my fii 
that the correct exposure was ninety-five seoon I 

felt some confidence in dealing with HbB ]af| 
I exposed three, one after another. 

Now came the development. I mixed, 
pint of developer from my stock solntionSy «nd 
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into a jug. The first plate was pat into a dish, and the 
whole jugful swished over it. The imflge flashed out at once. 
This is always the case with my chloride plates, so that it 
did not surprise me Keeping the developer moving over 
the plate, I lifted up the glass at intervals so as to watch 
its progress. In about four minutes it had attained 
sufficient density. I then emptied the developer back into 
the jug, for I knew it would serve for several plates in 
succession. The negative in the dish was now thoroughly 
washed with about a gallon of water, and transferred to 
the fixing-bath. The remaining plates were then treated 
in exactly the same way, and without a single failure. 

There was at first some difficulty in thoroughly washing 
such large plates, but I solved it by making use of the 
bath-room. The bath was filled with water, and the 
plates were placed along the sides, film-side down. In less 
than an hour they were thoroughly freed of the fixing salt. 

These negatives were all that could be desired. Some 
of them were purposely reversed for printing by the 
carbon process, this reversal being broiight about by the 
simple expedient of causing the film-side of the little 
positive to face the light in the lantern. Their perfection 
of detail may be gauged by the following : In one case the 
little positive had become rather dusty previously to 
exposure, and I took it out of the lantern, and rubbed its 
varnished surface with my handkerchief. This caused 
some tiny scratclies upon it, which were at the time quite 
unnoticed ; but the scratches were clearly visible on the 
enlarged negatives. They were, certainly, not thicker 
than the finest spider's web, — but still, there they were. 
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I have already indicated bow this work of enlarging 
caa be doae with an ordinary optical lantern, bo long as 
the siae of the negatdve is not atJOve Uiat of a lantern 




slide. For lai^r nE^tivee it is far better t 
enlarging lantern of the type shown at fig. 6 
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CHAPTER XVII. 



THE LANTERN MICROSCOPE AND THE OPAQUE LANTERN. 



^'mq'mP to a recent date the so-called lantern micro- 
1 ShUu scope supplied by various dealers was but a toj, 
' having all the faults which it was possible to 
imagine in an optical instrument. Moreover, it neces- 
sitated the use of specially prepai*ed objects of large size, — 
the wings of insects and the like. But latterly a good deal 
of ingenuity has been expended on the instrument, and it 
has been brought to great perfection. Objects as prepared 
for the ordinary microscope can now be used for projection 
in the lantern microscope, and this one change of the 
conditions under which the instrument can be used points 
to an improvement of no mean kind. 

Tliore are certain requireiiients to be looked for in a 
really serviceable lantern microscope. The first of them is 
good illumination. The most perfect form of limelight jet 
must therefore be used, and even this, when the hig^her 
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powers of the instrument are employed, is far from being 
enough. The electric light would obviously be the best 
form of illuminant to use for the microscope, but the 
incandescent variety is far too feeble, and the arc form 
possesses neither the steadiness nor the accuracy and per- 
manence of centreing which is so requisite in microscopic 
work. So to the limelight we must at present confine our 
attention, aiding it as far as possible by careful arrange- 
ment of the lenses used in conjunction with it. Hence the 
condenser must be of the best form, and must be seconded 
by a substnge condenser suited to the objective or power 
which happens to be used. Provision must also be made 
to filter the light through a layer of alum solution, which 
absorbs the heat rays, and saves valuable objects from 
being destroyed. 

Having secured the brightest light possible, and done 
our best to concentrate it upon the object, we have 
next to consider the best means of forming an ima^i^e of 
that object upon the screen. An objective may do excellent 
work with the ordinary microscope, but utterly &il8 to 
give a satisfactory image on the lantern screen. Perhapfi the 
definition in the centre of the disc is satisfactory, but the 
margins are all hazy and indistinct. One may examine a 
laige nuniberof objectives with the lantern microscope before 
one is found suited to the work. But makers are now 
giving serious attention to the requirements of the recently 
perfected instrument, and objectives of great excellence 
can be obtained. 

Oiie of tlie most perfect as well as simple arrangements 
for showing microscopic objects with the ordinary lantern 

B 
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is the attachmeiit ahown at fig. 61. This coatrivance 
may be compared to an ordinary microscope with iia tnbe 
remoyed, and with the kntem light at the baci of the 




stage instead of the mirror. The attachment is fiied 
on the hmtern in plttce of the nsiial objective, and the 
objecta to be shown are supported in a vertical position by 
spring clips. The microscope objective is held, as shown, 
on a movable arm worked to and fro by a milled headed 
focussing screw. At the bock of the object is a snbetege 
condenser, not shown in the cut, and a revolving plate 
witli different sized diaphragms. A trough containing r 
saturated solution of alum is placed on the lantern stage 
to protect tlie objectives from heat. In using the instra- 
ment the limelight must be adjusted in disbince from the 
condensing lens for eiicli different power used; and, indeed, 
for cvorj' change in the diameter of the diaphragm 
eiiiph)yc<l. For living object.'), such ns those illustrating 
])ond life, a small tank is used, and is placed against 
the spring ciip.s The objectives suitable for this form 
of instrument are those which range between 3 in. 
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and 4-lOths of an inck. Its performance leaves liMls io be 
desired. 

A far more elaborate form of lantern microscope is that 
which is shown at fig. 62, and which has been designed 
by Mr. Lewie Wright, In the opinion of most of our 
eminent microBcopiste, including Dr. Dollinger and the late 
Dr. Carpenter, this instmment is by far the most perfect 
of the kind ever prodnced. It is certain that no better 
eSecte are possiUe tlian are produced with high-power 




Fio. 62. 



objectives with this microscope, nntU t^e eleofano light 
may bo so perfected as to place a new power in onr handl. 
A flea 15 feet long, literally larger th&n an elephant^ is 
shown with this microscope brilliantly and ezqointelj 
defined, while the circalation of tJie blood in a feoffa foot 
can be as easily seen as by the taUe'mkmwoope. 
B 2 
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The instrument can be made either complete in itself, as 
shown in the cui;, or it can be fitted to any good optical 
lantern. In the first case, it is provided with a triple 5-in. 
condenser, which insures the maximum amount of light, 
and in the latter case the lantern condenser, of whatever 
form it may happen to be, is brought into use. The 
illustration gives a very fair idea of this instrument, by 
which the relation of its various parts can be well under- 
stood. It has a coarse adjustment focussing screw, as 
well as one for fine adjustment. The tube in front of the 
objective is for the recej)tion of various lenses to give 
extra amplification, and the necessary alum-tank is let 
into the brass front tube, midway between its supporting 
pillar and the large condensers. The details of the stage 
and revolving diaphragm plate are much the same as in 
the instrument last described, but the substf^cre condensers 
are of varying foci, and are suited to the diiferent objec- 
tives employed. The milled head immediately above the 
pillar is in connection with a rack tube, which provides the 
necessary distance adjustment for these condensers. 

THE Ol'xVQUE LANTKRN. 

It will be at once coiicecUid that most objects, animate 
and iiiaiiiuu'.te, crin be plK^tographed, and that such photo- 
grjiphs can be used as lantern pictures. But there are 
btill others which cnuiiot be so treated, or rather, which 
can be better shown as opaque objects. The worker with 
the microscope will be able to appreciate the possibility 
of showing, by means of the lantern, objects which are 
not ti-unsuarent. Some of the most beautiful effects 
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8C0U in the microscope are by means of opaque objects 
viewed by means of the spot lens. In like manner we 
can obtain wonderful effects by the use of the opaqne lan- 
tern. Let me give one or two examples of the use of such 
an instrument. Suppose that a lecture upon the history 
and construction of the watch is contemplated. How dull 
such a lecture would be if illustrated merely by a set of 
diagrams ! The audience would soon be lost in the maze 
of toothed wheels and springs, and few would understand 
the difference between one movement and another. But let 
the same lecture be illustrated by watches in action, their 
enlarged images thrown on the screen, and their wheels all 
at work, and how differently will the audience r^ard the 
subject before them. Every tiny screw, the brilliant blue 
of the steel parts, the very grain of the metal is beauti- 
fully shown, while the ceaseless and silent working of the 
mechanism adds greatly to the picture. Coins and medals 
can also be splendidly shown by the same apparatos^ and 
far better than in any other way. Various fruits oan. be 
shown in section ; a lemon or orange so treated being a very 
curious object, especially if it be squeezed, when the pips 
and juice fly upward, or, at any rate, appear to do so. A 
freshly-opened oyster makes another peonliar object for 
the opaque lantern. These few examples will show that 
this form of lantern is one which can be of great use in 
intelligent hands. It is especially serviceable to the 
owners of cabinets or collections of curiosities, — ^moths and 
butterflies, coins, medals, shells, minerals, ^, — which 
cannot readily be photographed, or which it is desirable to 
show with their natural colouring. 
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The opaqne lantern was first devised by Ghadbum, and 
for a long time was known by his name. Its constmction 
is simple enough. The object is so placed that it can be 
strongly illuminated by the condensed rays from either 

one or two limelights ; an objec- 
tive lens being used to form the 
image on the distant screen. 
The annexed diagram, fig. 63, 
will explain the relations of the 
different parts of a good opaqne 
lantern. LL are the limelights, 
CO the condensers, O the ob- 
jective, and E the object to be 
shown. At one time, a large instrument of this type was 
made for casting the image of a human face on the screen, 
the lenses being of immense size. I saw this instrument 
at work more than once, but its efEect was most dis- 
appointing. It certainly was not worth the trouble and 
expense incurred in its construction. It was, of course, 
fitted with a reversing lens, so that the face should appear 
the right way up. The owner of this face, by the way, 
suffered tortures during the short time of exhibition, fbr 
the powerful limelights close to, and on each side of his 
head, were so hot that they blistered his skin. He was 
made to smile at the audience, and then to drink their 
good health in a glass of wine, a refreshment which the 
poor man really needed after his grilling. 

Under the name of Aphengescope a contrivance is now 

anade for fitting on to the ordinary form of lantern, thus 

"Uspensing with the cost of extra lenses. With a lantern 
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tttns fitted ordiaary carte de visite portmite can be shown, 
as well as tho objects already ennmerated. Fig. 64 shows 










w 
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Fig. 64. 
1 form of aphengesoc^ fitted to ■ lantern which 
at the same time ia ready to show slides in tiiA ordinaiy 
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manner. It will be noticed that behind the objectire is 
placed a sloping mirror, which reflecte the light upon the 
card, photogTjvph, or other object above it. The objectiye 
is then shifted fmm iia nsaal position to an orifice above, 
which is shown in the cnt with a sto]^r in it. This 
lantern — the design of Lavcrne & Co. — is lighted by a 
mineral oil-lamp, bnt, obvionsly, the limelight could be 
adiLpted to it. Mr. Medland, of the Borongh, has intro- 
duced a lantern on the same principle, see %. 65. So much 




light is necessarily absorbed by the arrangements of the 
opaque lantern, even in its best forma, that the brightest 
of illnminants mnst be secured to give it fall effect. 
It is on record that some years back a form of opaque 
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lantern was nsed in an American Law Court to demon- 
strate to a jarj tbe manner in which a document had been 
tampered with by a foi^er. Illaminated by a strong aide 
light, the minified image showed clearly where the tex- 
ture of the paper had been distorbed, both by erasore and 
by the action of ohemicaU. 
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OHAJIPTER XVIII. 



LANTERN ACCESSORIES. 




CARRIERS. 

LANTERN, as supplied by the dealers, is with- 
out any means of holding the slides during 
exhibition. The slide stage is there, but it is 
about 4 1 inches in height, while the slides themselves 
are 3^ inches square. To obviate this diflficulty, it 
becomes necessary to fit this stage with a wooden 
contrivance called a slide carrier, which can be pur- 
chased of many different patterns. Professional exhi- 
bitors use a wooden frame for each separate slide, but 
this plan is both inconvenient and unnecessary for the 
amateur. Besides which it is positively a bad plan for the 
'Ber of a single lantern ; for as each picture is removed, 
L another one put in its place, the screen is left bare 
le the transfer is effected. This not only has a bad 
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effect, but it is distracting to the audience. Moreoyer, the 
pictures suffer, for they compare disadvantageously 
with the far brighter white disc by which they are 
alternated. 

I can recommend two forms of carrier which obviate 
this difiBculty. The first is a grooved frame, open at either 
side, with a travelling tape in the lower groove, which is 
put in motion by a winch handle. The slides move 
through the lantern one after another, like a panoramai 
but care must be taken that they are not allowed to fall 
out and get broken as their time for exhibition expireB. 
The other form which I recommend is quite different in 
principle, and of the two methods I prefer it. In this 
latter carrier there is a kind of central frame which 
is accurately adjusted to the lantern stage. Within it, 
and moving freely from right to left, is a double carrier, 
holding two pictures side by side. While one picture 
is being shown, the other is being changed, the right 
and left hand carrier being used alternately. The sole 
objection to this form of carrier is the necessity for 
the exhibitor to reach over his lantern so aa to change 
every other picture, which is a slightlj awkward tiling to 
perform. 

A modification of this sliding principle, which ooiudstl 
of a double changing stage, working verticallj, has been 
introduced, but I fancy that the lantern must be con- 
structed purposely for it. I mean that it is not sold as an 
independent carrier, which can be fitted to any existing 
lantern. This consideration^ of conrse, greatly limits its 
adoption. 
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Wliiting*s patent arrangement for facilitating the ex- 
hibition of slides is extremely ingenious, but seems to me 
to be an adaptation of Samuels' changing box, for photo- 
graphic cameras. At any rate, the same principle is 
involved. It consists of a pusher of wood working be- 
tween gi'ooves on the lantern stage. Close against it is a 
box of slides with a powerful spring at' the back of them, 
so that they are forced up against the pusher, the front 
one being always in the right position to be pushed for- 
ward on to the stage. The act of moving the pusher 
sends a picture on to the stage, removes that previously 
shown, which goes into another box, or drops down an 
inclined plane out of the way, and at the same time the 
lens is covered so that there is momentary darkness on 
the sheet. Tliis darkness is, I think, preferable, and less 
trying to the eyes of the audience than if the actnal 
change of picture took place visibly. 

Other forms of carriers provide in a different manner 
for the lens being covered at the moment of change. One 
very good one consists of a pair of wings, which open and 
close automatically over the front of the objective lens 
as the change is made. In this case the first picture 
seems to darken down on the screen towards the centre, 
the reverse action immediately discovering the nex^ 
slide. 

The following remarks, which were written by me, and 
were published in the Yearbook of Fhotography, will 
describe the kind of carrier which I myself use : " When 
a man is in the habit of travelling about from place to 
place on lecturing intent, ne will, if wise, reduce his 
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impedimenta in the shape of lantern and lantern belongings 
to the smallest possible bulk consistent with efficient work. 
As much of my time has been and is spent in this way, 
I have given a great deal of thought to this matter of 
reduction of bulk, aud have achieved some little success in 
it. But it is only to one particular point that I now wish 
to draw attention, and I do so in the hope that what I have 
done may be as useful to others as it has been to me. In 
the first place I think that all lecturers will agree that each 
lantern picture should be fitted in a carrier of its own. The 
various forms of panoramic and shifting carriers which are 
fixed in the lantern while the glass pictures are passed 
through them at the time of exhibition are all very well 
for homo use and private work, but in my opinion are not 
suitable for employment in public halls. I need not name 
all my objections to them, for one will suffice. The 
pictures are not sufficiently protected from breakage, and 
the risk of breaki^e, even of one slide out of a set^ iB a 
tiling not to be thought of by a good exhibitor. At firet I 
used 7 by 4 mahogtmy -grooved carriers for all mj pictiireB, 
but I found that they were objectionable, on two gnmnds : 
one of these is that they readily break, and the other it 
that in packing they take up f&r too mnch room. It was 
to obviate these difficulties that I designed the carrier now 
to be described, and which I have had in constant use for 
tliree years with every success. My only objection to it it 
the necessity for making it myself, which is perhaps no 
real objection at all, for a little carpentry forms a healthy 
relaxation to one whose occupations are chiefly of a seden- 
tary nature. 
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My slide-carrier consists of a piece of wood 7 inclies long 
and 4 inclies wide, with a square opening in the centre to 
receive the glass picture of the standard size, 3^ by 3 J 
inches. This is faced on each side with a piece of card- 
board, the opening of which is so much smaller as to form 
a rebate in which the picture rests, and from which it 
cannot fall out. 

And now to describe the method of manufacture. First 
procure two pieces of sheet zinc, each measuring 7 by 4 inches 
outside, but having openings of slightly different areas. 
These are indicated in the annexed cut (fig. 66), the opening 
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Fig. 66. 



in one piece of zinc being shown by unbroken lines, and in 

the other by dotted lines. It is best to make these patterns, 

in the first instance, in thin card, and to hand them to a good 

workman to copy in zinc. (I may mention in parenthesis 

here 1 found my chief difficulty. The average British 

•king man who has been brought up in the zinc industrj 



THE BOOK OF THE LANTEBIT. 255 

can make a first-rate chimney-pot, but when out of the 
chimney-pot groove he is rather at sea. If he tells yon that he 
can cut out in zinc your pattern correctly, " Trust him not, 
he's fooling thee " ; at any rate, carefully check his work, and 
you may find it out a trifle, and this trifle when magnified 
in the lantern is no trifle.) With correctly-cut zinc patterns 
you can get through the work of making carriers very 
quickly. The pattern with the larger opening may be 
labelled W, for it is for wood only, and the other labelled 
0, for cardboard. 

The wood to iiho is the best pine, which in thickness 
should approximate to the avemge lantern slide, say one- 
eighth of an inch. This can be obtained at any good saw* 
mills. Laying the zinc pattern on this, and pencilling 
by its aid, a whole board can be quickly marked out for 
cutting. This cutting can be easily accomplished by nsing 
a sharp shoemaker's knife. The cardboard can be of the 
thinnest description, and this, too, can be cut in the same 
manner, using the zinc pattern designed for it. With 
several wooden pieces ready cut, and double their niunber 
of cards, you may now proceed to put them together. With 
good hot, but thin glue, paint over one snr&oe of thewood, 
and press one of the cards upon it^ taking care that the 
centres of the two agree. Place the joined pieces on yonr 
work-table, with a heavy, flat weight above them ; when 
No. 2 is similarly treated, pla-ce it also under the weighty nntfl 
you have a goodly pile of pieces of wood faced on one aido 
with card. Leave them for the night. The next opera* 
tion is to place a glass picture in each half-formed sUde^ 
and to glue the cardboard iaoe to each. Onoe more th# 
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hot glue and weight operation must be repeated, until the 
batch, — say two dozen blides, — is complete. When com- 
plete, this batch, with a piece of blank board at each end 
of the pile, may be screwed up between a couple of car- 
penter's cramps, and left before the kitchen fire all day it 
all night, until the glue is thoroughly hardened. When 
quite dry and hard the slides may be seimru^' 1 and again 
arranged between the cramps, in such a position that their 
edges can be run over with a sliarp plane. After this they 
can be separately rubbed on every edge with glass paper, 
and, when dusted, they are finislied. 

The advantages of these carriers are many. Firstly, 
you may drop one from a height of 6 feet from the floor 
with absolute impunity. Secondly, if the zinc patterns 
be correctly cut, the slides will register correctly with one 
another. Thirdly, six dozen, — wliich is about the usual 
complement for a lecture set, — ^^will pack in the space 
occupied by three dozen under the old system. The sole 
disadvantage pertaining to these carriers is, that the pic- 
tures cannot be readily shifted from one to another. The 
remedy is obvious. For lectures of an ephemeral cha- 
racter, — I mean for those the subject of which is merely 
of passing interest, — use the old form of carrier, but for 
more permanent ones adopt mine. 

LANTERN LEGS. 

It is given to a few to know what it is to arrive at a 
schoolroom or other lecture-hall in some remote country 
district, and to expect to find a few couveniences ready to 
hand. The first thing to ask for is a table, upon which 
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can be placed the lantern-box, while the lantern itself com- 
monly screws to the top of the said box. There is always 
a difficulty in finding the right kind of table. It is oither 
too small or too large, or else it is rickety and unsale, or 
perhaps it is too beautiful to be devoted to such a heathen- 
ish purpose as the support of a lantem-box,^Hdl which 
things happened to me and my assistant times out of 
number, until I invent'cd a lantern-support for myself, 
consisting of four iron legs. With them I can now laugh 
the decrepit local table to scorn, and the beauty of the 
leather-covered library specimen, which must not be 
touched by sacrilegious hands, is a thing which ceases to 
interest me. In a word, I am independent of such primi- 
tive supports, and am as proud of my iron legs as is a 
Chelsea pensioner of the wooden understandings which he 
exchanged in the Crimea for those with which he was 
bom. 

The accompanying sketches will in a moment caiise the 
form and purpose of these legs to be understood. Thej 
are made of iron, having a sectional area of 1 indh by 
three-eighths of an inch. Each fits into a socket upon the 
lantern box, and each has at its lower end a kind of QaA 
toe turned outwards, through which is a hole by which 
the leg can be screwed to the floor. This, however, is 
iiardly necessary, for the weight of the lantern and its 
box, together with the slides which it contains whilst in 
use, are quite sufficient to make the whole arrangement as 
firm as a rock. 

In the annexed cut (fig. 67) A is the lantern box, fitted with 
a strong frame at the bottom, F, upon which the sooketB can 

8 
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be screwed^ - L is one of tiie legs in fiiiailiuB. T 
enlarged view of the toe of one leg, showing tibe 
hole where it can be attached to tlie floor. A^ is m 




Fig. 67. 



showing how it is composed of two pieces of iron, one flat 
and one bent. I may mention that the top of the leg*, 
which fits into the socket, is diminished in sixe for that 
purpose, and that the shoulder thus formed on it holda it 
firmly in position. I have used these legs for seyeral 
years, and have never seen anything which would fulfil 
their puriK)se so well. Tliey can be secured for travelling 
by a couple of leatlier stnips, or can be made to go inside 
the lantern-box. Their combined weight is foniteen 
pounds. 
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SiSD CAXEBU. 



Pbotogniiphic negativea for lantern sUdee should be 
rather less dense than those osed for ordinary printing 
npon paper ; hence it is better to take negatiree for the 
purpose than to utilise others which hare been taken for 
ordinary reproduction. The lesser density mnat be gained 
by stopping the development judictonsly, and not^ of 
course, by checking the exposure. There are many 
cameras now to be bad which take smlL nE^tiTes snitahle 
for lantern work. These are so compact and Mlf-cmitained 




that they require no stand, focussing-cloth, or oilier adjanot 
and will readily pack away in a portmanteau (w box 
without incnnvenience to the traveller. Hie author has 
used a cnmera of this description with great adTUitage, and 
has taken many dozens of instantaneona piotnrea with it. 

A useful form of hand-camen inlroduoed by the 
Stereoscopic Company is here shown (see fig. 68). 
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LANTERN ACCESSORIES. 



CARRIERS. 




LANTERN, as sui)i)lied by the dealers, is with- 
out any means of holding the slides during 
exhibition. The slide stage is there, but it is 
about 4i inches in heiglit, while the slides themselves 
are 3^ inches square. To obviate this diflBculty, it 
becomes necessary to fit this stage with a wooden 
contrivance called a slide carrier, which can be pur- 
chased of many different patterns. Professional exhi- 
bitors use a wooden frame for etich separate slide, but 
this plan is both inconvenient and unnecessary for the 
amateur. Besides which it is positively a bad plan for the 
user of a single lantern ; for as eacli i)icture is removed, 
and another one put in its place, the screen is left bare 
while the transfer is effected. This not only has a bad 
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will be seen aj the dotted lines, a complete o&mera. This 
camera can be focussed and maaipalated altogether b^ 
tonching bnttons on the ontaide of the box. 




Nezt I notice Marion's Parcel Camera (fig. 71)i vhiob 
is of different constmction altt^ther. It connsts of a 
covered box, like a parcel, but t^is box formi tha oamera 
with a lens in front concealed bf a paper fl^ ^W 

Fio.n. 

illnstration ohowa the appearance of Vbo' ondorBide of tiie 
box, with a slit at one end for the reception of the senntire 
plntc nnd the inBtantaneous shntter af^ianitiia at the other 
end. The plate is contained ia a teg of the sh^D Bhom 
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at fig. 72, which locks on to the apertare in the bottom of 
the bos, when a plate has to be transferred from one 
to the other. I have fonnd both these cameras to work 

perfectly. 




The uoweat ait-angement of the kind is the Kod&k 
Camera introduced by the Eastman Company (see fig. 72). 
Id this small box a hundred pictures can be taken by 
the simplest possible moTcmentB. It contains a ribbon 
of sensitive material, which is nsed panorama faahion 
instead of glaas plates. 




I am convinced that there is a very great fntnre before 
these detective or concealed cameras. That they will pro- 
dace negatives of first-class quality, I have proved again 
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and again, and it is the thought that such negatiyes can be 
BO readily made to give lantern slides, or can be used for 
enlarging purposes with the help of the lantern, which has 
induced me to give this brief notice of them in my chapter 
on lantern accessories. 





CHAPTER XIX. 

PEACTICAL HINTS TO THOSE WHO EMPLOY THE LANTEBN FOB 
SCIENTIFIC DEMONSTRATION, OR FOR ENTERTAINMENTS IBT 
THE DRAWING-ROOM OR LECTURE-HALL. 

|N the foregoing pages I have endeavoured to 
describe the best methods of manipulating the 
lantern ; and I hope that I have done so in snch 
a manner as to enable all my readers readily to under- 
stand the working of this beautiful instrument. I feel 
convinced tliat if my instructions are carefully followed 
all will go well,— at all events, in the apparatus depart- 
ment. J3ut the lx?st instrument is no good unless the 
lecturer be an efficient showman and speaker. Unfor- 
tunately many essay the task of lecturing who are physi- 
cally unfit for it. There are many g(K)d-natured people in 
the world who will undertake, very often for some charity, 
to act as lecturer in a school-room, the slides being 
l)orr()wed from some optician with a printed lecture fitted 
to them. This good-natured man will take up the work 
without much thought or considemtion, and the result is 
too often a very bungling performance. A man may have 



THE BOOK Of TBI LIMTESM. 265 

a fund of knowledge, but lack the power of imparting it to 
others. The fault is common enough in the pulpit, where 
it is often the case that a clergyman who has won high 
honours at the university, and as a reward for his scholar- 
ship finds himself in due course incumbent of a living, is 
an utterly incapable speaker, greatly to the distress of his 
congregation. He can of course compile or write a good 
sermon ; that is to say, a discourse which is carefully con- 
structed and perfect as a specimen of written English ; bat 
when he gets into the pulpit he reads it out in snoh a 
droning voice, and with such a lack of emphasis, that many 
of the congregation dose off into peaceful slumber. Many 
lecturers have the same want of ability, and it is this 
circumstance that has had the effect more than any other 
of prejudicing people against a lecture, as a thing whidh is 
necessarily dull and the reverse of entertaining. 

More than once it has fallen to my lot to leotnra in some 
hall which is strange to me, and on such an oooasum 1 hftTO 
generally asked the hall-keeper if a laige audienoe may be 
reasonably looked for. The answer is too often someiliing 
like this : — ** Well, sir, the people hereabouts don*t much 
care for a lecture ; but last Saturday night the plaoe mm 
crowded from floor to ceiling." ^ Dear me ! ^ is my answer, 
''and who was tbe lecturer on that occasion ?** '^Lor^ 
bless your soul, sir, it wasn't no lecture, it was niggers.** I 
leave my readers to imagine with what feelings I looked 
forward to the pleasure of meeting my andienoe. 

A lecture entertainment will fail' sometimes owing to the 
total incapacity of the speaker, — to his bad arturnktiaii, 
nervousness, lack of Toioei or want of taot in dealing 
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with the andienoe. Still more often failure is dne to bad 
arrangement of the matter which the lecturer has under- 
taken to deliver. The remedy for this last fault is 
obvions, namely, a course of training in the reading of 
standard works. Some mar perhaps think I am recom- 
mending an old-fashioned book, when I name '' Blair's 
Lectures on Rhetoric," as a very valuable aid to the writer 
and speaker. I would ad\'ise all beginners to write their 
lectures and go over the matter again and again, before 
trusting themselves on the platform ; and in constructing 
the fabric of their discourse, let them remember that tiie 
sentences should be as a rule shorter than if the words were 
merely intended for the eye of a reader. A sentence con- 
sisting of several lines without any full stop, although it 
may pass in ordinary composition, is very tiresome to listen 
tc) ; a most attentive audience will, by the time the verbose 
paragraph ends, forget its opening, and the sense be 
consequently lost. AgJiin, in composing a lecture which 
is illustrated by lantern pictures, care must be taken to so 
ari'ange it that the pictures corae in naturally, and are not 
dni^'f^ed in willy-nilly, as if they were in stock and must be 
sliown at any price. The views should be the best of their 
kind, but must be altogether subservient to the text. If a 
part of the subject is of such a nature that it may be likely 
to pnjve tedious to an audience, — and audiences differ 
amazingly in their receptive faculties,— that part should 
eitliur be compressed, or it may be lightened by a good anec- 
dote, or even by some illusti'..tion which will raise a laugh. 
Sn(;h pi(!tures ininKluced with circumspection are most 
u .fill; b'.it tlic power of employing them should be used 
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siMkringly. Let the lecturer look upon thorn as the high- 
lights of a work of art. The novice with a brush will daub 
such high-lights on every projecting comer of the compo- 
sition, until the beauty of the whole is lost in their glare ; 
a true artist, on the other hand, will deftly put in a touch 
here and another there, with the result that the whole work 
is brightened and generally improved. 

The grosser faults into which a novice in lecturing is 
apt to fall are generally the result of simple inexperience 
or carelessness. He should make it a golden rule that 
whatever may occur he must not lose his temper. In the 
ordinary affairs of life, the man who can control his temper 
has always the best of an argument.; and still more so is 
this the case on the platform (and on this platform, let 
us remember that there are often some very trying inci- 
dents to deal with, particularly amid the darkness of 
lantern illustrations). I once found it very hard to control 
both my sentences and my temper, when I became aware 
that I was a target for some mischievous boy's pea-shooter ; 
but on politely addressing the unseen youth, and telling 
him that I knew he was a very small boy, and that therefore . 
I could excuse his childish conduct, but at the same time he 
must keep his peas in his pocket, the nuisance stopped. I 
recently heard of a case where an inexperienced lecturer 
was loudly told more than once to " speak up." Instead of 
taking this invitation as a valuable hint, and acting upoi 
it as he should have done, he retorted rudely, and the auO' 
ence refused to listen to him any longer. It is to be hope«^ 
that he will not again attempt work £o^ wh'***^ *^- *,*■ 
evidently quite unfitted. 
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In lectures of a popular and entertaining character, 
it is often desirable to introduce a little music; but if 
this is done at all it should be done well, the lecturer first 
of all satisfying himself as to the capabilities of the 
musician. They should then arrange together where the 
music is to come in, and the player should have furnished 
to him by the lecturer a set of cues, with hints as to the 
nature of the music to be played at the occurrence of those 
p irticular words. To show that this precaution is not an 
idle one, let me state that recently I heard a lecture de- 
livered in which a few bars of music came in at stated 
times. On one of those occasions the lecturer was showing 
ih tomb erected to the memory of some celebrity who had 
recently depirted. He described this tomb and said a few 
touching words with reference to the high character of the 
dep:. I'ted one ; and, he had no sooner finished, than the 
pianist at his elbow struck up a merry wt.ltz ! 

The lecturer should be careful to select an intelligent 
operitor. The man employed should be one capable of 
concentrating his attention upon the work which he has 
to do. The gases will require attention, the lime wants 
turning every few minutes, or the light from the lantern 
soon drops ; but, at the same time, too much should 
not be thrown upon the hands of the operator; for in- 
stjince, the lecturer should make it a standing rule to go 
carefully through the slides which are to be shown before 
the lecture commences, so that each one is not only in its 
proper place, but each is so arranged that the operator will 
hardly be able to put one in the lantern except in its right 
x»sition. A landscape, or more especially a portrait, ap- 
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pearing suddenly on the sheet standing on its head, is an 
episode which disturbs both lecturer and audience, and 
will, for a time, entirely break the thread of the discourse. 
This can easily be avoided if the slides be marked in a 
certain way. If the slides are being used in fixed carriers, 
and are therefore simply in the form in which they are sold 
at the shops, each one should be marked with a white disc 
at the lower left-hand comer of the picture, taking care 
that the wafer is on the face of the picture, and by pre- 
ference, beneath the coyer glass, so that it cannot be nibbed 
o£E. This white wafer will then come conveniently below the 
operator's thumb when the slide is in its inverted position, 
as it should be, before being placed in the lantern. 
The operator will then become accustomed to look for this 
white dot, which he can easily see even in a darkened 
room, and he will place his thumb above it, and the piotare 
will of necessifcy appear on the sheet, as it should do. Tf 
the hvcs. of the picture is placed next the light, of oonne 
everything on the sheet appears in reversed order. What 
should bo the right hand of the picture appears on the left 
of the sheet, and vice versa. This is of no gnftt oonse- 
quence in some cases ; but if the piotare shonld indude 
any lettering, such as that on a sign-post or a shop-front^ 
these letters will appear backwards, and the fault is at 
once detected by the audience, and commented on bj them 
in audible whispers. I once had a voinnteer assistant who, 
at short notice, supplied the place of my regnlar operator, 
who happened to be ill. In the middle of mj lecture this 
man showed a slide upside down ; on seeing his mistake^ 
he took it out of the lantern and pat it in again sidewajs. 
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He again saw the error, took it out of the lantern, and re- 
placed it, bat on its other side ; so, in reality, this genius 

tried every conceivable way of showing 
that picture bnt the correct one. 

It is imperative that there should be 
some well-understood code of signals be- 
tween the lecturer and the lantern operator, 
for in many cases they are 50 feet apart. 

Some lecturers are content with verbf 1 
directions, but these are simply intoler- 
able to any one with any idea of what 
a lecture should be. To hear a man 
calling out, " Next picture, please," and 
so on, utterly spoils even a lecture which 
is good in other respects. An audible 
sound signal, such as tapping with a 
pointer, or sounding a gong when the 
picture is required to be changed is 
almost as bad.- A lecture lamp has 
recently been introduced, which not only 
comprises a shade light for the lecturer's 
desk, but has at the back, i.e., the side 
presented towards the audience, and there- 
fore towards the lantern, a little disc of 
red glass, which is uncovered by touching 
a lever at the side of the lamp. See S, 
..g. 74. When the operator sees the little red flame dis- 
closed he knows that a. fresh picture is wanted, and shoxdd 
ho be intittentive to that signal there is a little gong, B, below 
the lamp which can be used on such an emergency. This 
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lamp is portable, convenient, and efficient. But above all 
devices for signalling I prefer a simple electric arrange- 
ment. The one that I am in the habit of using consists of 
a single-stroke electric bell with the gong removed from it. 
When the current is sent through the coils of the attached 
magnet, the armature is of course attracted, and a little 
tap is heard, which, although quite unnoticed by the 
audience, is easily heard by the operator, who is on the 
loo'.v out for it. I used to employ in connection with the 
bell, — if bell it can be called, — a Leclanche battery which 
was placed just below my reading-desk. While on the 
desk itself I had an ordinary bell push, connected with 
both bell and battery. But this arrangement I have since 
superseded by a better one. The Equitable Telephone 
Company have brought out an electric bell which is quite 
independent of battery power, a small magnetic arrange- 
ment taking its place. This generator, as it is called, is 
shown at fig. 75. It acts most perfectly, and is destined, 
I should presume, to work a revolution in electric bell 
mechanism generally. The only inconvenience in the 
arrangement is the difficulty that is sometimes found in 
carrying the wires between the lecturer and the lantern, 
and so concealing them or putting them out of reach 
that there is no chance of their being tampered with by 
mischievous hands. In a lecture theatre, where there is 
commonly a gallery, the wires can be run round thr 
front of the balcony quite out of sight. In other casep 
they can be laid on the floor underneath the carpet oi 
matting. In nine ca«es out of ten there is no difficult; 
in adjusting them. The signal should be given alx»ui 
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fa&lf a TTirnw bii^rt tLe change cf [ricnire is naUj 
r«rjaire>l, -a is to give the o^ieF&bir time for the nrcr-wnry 
munipnilatkiQ. He should be mstmcted irhen to diaaolrc 
the view ■Irjwly, s'aozld he be nging a double or triple lan- 
leni, and irheik tfj make the change quicklT. To disnlTe a 
diagrun or a porti&it is ridicnkma, and eometiiiies leads to 




Fig. 75. 

very comical effcctfl. I remember once nttendjng a lectnn 
w}i(-re ti niimlicr of illuKtrations were ehown of different 
ly|K-K of uiiti'iiiiil coKtnmcs. First of all there came a 
witiiiuii ill {KiiMMit'H dress. This n-as followed by a man 
wlioNO lowtT (ixtrfimitiefi were clothed in tight-fitting white 
nniiiontioniilili'H. Tt so hitppened th»t one figure occnpied 
on tlie screen lizaetly the same place as the other, ao 
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that when the ladj was slowly dissolved into the gentle- 
man, the astounding effect was prodnoed of her clothes 
gradually melting from her form. 

I must aow bring mj remarks to a oonclnsion, 'with 
the hope that many will find my book useful. If the 
word Ei/o has crept in with too much persistence, I tmst 
that my indulgent readers will impute it rather to personal 
acquaintance with the things of which I write thaa to any - 
less worthy source. 
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SUTER LENS. 

Messrs. Allen Bros. Nbw Yomc, Febmary ao, mg. 

Dear Sirs : You ask me to give you my opinion of the Snter Leas 
bought of you three or four years ago. It gives me pleasure to write 
you that it is my fjeivorite lens for out-of-door woik — I liave eight d 
various makes. It works rapidly, and has great depth of focus. 

Yours very truly, 

R. Swain Giftou). 

Messrs. Allen Bros. Nbw Yoax, Fcfaraaiy so, iMp. 

Dear Sirs : I am glad to write yon that the No. 4 B Snter Lens, 
which I bought of you some time ago, is very satisfsctwry. It is aboot 

as quick as my lens, and is very sharp focus. I use it abnoit 

entirely in my studio. Yours very tnily. 

Loins CTlffVAiiT. 



Fvoaa tlie Balloon ^ 

Messrs. Allen Bros. WiMSTBo,GT.,NovHabwai^xn8. 

Although circumstances compelled me to give 1^ mf pro j e c t ed bal- 
loon trip this fall, I have used my 3 A ** Sater " for other woffc» photM 
of animals, viewing, etc. I am glad to say that each tfase I,have «nd 
it, it has impressed me with a stronger sense of its good qulMei. 
With your Lens and a Prosch Duplex Shutter, whidi is fitted to itt I 
feel well equipped for quick work and fed oonfident of sveccss ill My 
next balloon trip whenever that is. 

Very r es p ec tfu lly, 

John G. Douqbtt* 

ALLEN BROTHERS,'^ 

DETROIT, MICH. 

Bote AvmlBtw the UnUetmmtta, 
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)lluinlt4 EtMk iX \finmti vnipuTin each Ciacn. 

A fine sole-leather case and slin; strap, nz patent 
double dry-plate holders, a non-actinic lamp, and dij 
plates for 108 ezposiues are indnded with this Camera, 
and the price is only $25.00. 
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E. & H. T. ANTHONY i CO., 
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May 22 f 1888. 

Speotrum Analysis with lOeotrio Ui^ik 
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Also Apparatus for the Illustration of the PiiiielpiiS 
of Light and Sound, by A. M. Mayer, PIlIX 
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Get our prices if you waul a Uutlcm, TIcna, UmMi, Sotmb, Gaa, « 

anything Txecestary for giving an UliutrmtAd LBCtuv- We carry 0¥<t 

20,000 vrEws 

plain and coJond, and can fill all srden on staorl notice. 

Mcintosh battery a optical co. 

141 £ 143 WiOwth Am., CHICAGO, ILL. 

Send for Illiulraled CaUloEuc. 



W. H. WALMSLEY.umiE. 

No. 1022 W^alnut Street, 

PHILADELPHIA. 
Opticians and Photographic Stock Merchants. 



Make a specialty of Imported Lanterns. Among these the 
Four-Wick 



By Hughes, of London, and Three-Wick 



'J 

By Laverne, of Paris, are the best oil-burning Optical Lanterns 
that we are acquainted with. 

f ALHSIETS PHOTO-ICBOGMPIIC CAMEM 

is an excellent, practical instrument for this purpose, very 
largely in use in institutions of learning throughout the country, 
and in most of the Government Departments at Washington 
and elsewhere. 
We also furnish 

LANTERN SLIDES 

from niany hundreds of subjects in all departments of Natural 
History from negatives by Mr. Walmsley. 

^ List of same on Application. 



Every description of Microscopic and Photographic Appara- 
tus and Materials, in stock ; price lists of which will be mailed 
on application. 

W. H. WALMSLEY, Ltd., 

1022 Walnut St., Philadelphia. 

(284) 



THE LAVERNE ^(fg/ggp ^i 

SCIOPTICON. H II 



uvi'ii Ui iiK'SiinTii'iionl liitiiils, nwultBBUiHTiorl')- 
WIk'ii i>».'kt'rl S..r iMirryliiK. In itHonii Russia Ir 



Tliu CiiNUKiuKB Ir fiHir Iwhi-H in diameter, neatly ntounted in bran 
lluiniuulily vunlllated.iLnii HmmgiNl nrithscreu' Haugvsothal (he leoBceniaj 
Ih! H'i>unil(-(1 niid rliiitii'cl hIii'II n»iiilred. 

Tliv t'liNK, wlilcli (urrii'91 liic ol>)c<nive, aii'l the maiint of that lem an 
tiirkcl iiliiUil. Tliu nljitrtlve in a ikiublu sclmnnHIlc lens of uiie anil a hal 
[iic'licliurniwrluiv anil Hvi' Inch Ricuh, an Ibut al a dlntancc or twelve foe 
fniin llii' HTcvti It^veR a brilliant iilcture i<lx 6x1 In diameter. The tbcus li 
njiitrlilyiililuliiiHll^-iiliilinfilliurmnlmrniiiKliiilli ccme and leas; and Ha 
Hiljii'tiiK'iit hv a ntL-k and innliHi nn the (ri)]!.^-!!!^. 

IMPORTED AND SOLD BY 

Gayton a. Douglass & Co.. 
P H O T O G R A P H"rc SUPPLIES. 

183 & 187 Wabash Ave., CHICAGO, ILL. 
(=85) 



BENJ. FRENCH & CO. 

319 W&sl^ir^gtoi) Street, 

BOSTON, MASS. 

Sole Agents and Importers of the Cefebrated 

VOIGTLiNDER m DIRLOT LENSES. 

We have expressly constructed for us 

Darlot Lenses in Matched Pairs 
for the Stereopticon, viz.: 

1-4 size, 4} inch focus, each $7 00 

1-3 » 6i » » » 12 00 

1-2 )) 7 » » » 14 60 

2-3 » 8} » » » 21 00 

4-4 » lOJ » » » 82 00 

ALSO 

Darlot's Condensing Lenses. 

4J inch, per pair $6 00 

4i » » 6 OO 

6 » » 7 50 

Mounting in tin or brass extra. 

n^^ Our initials (B. F. & Co.) engraved on the barrel of the Darlot 
Lenses, is a sure proof of their genuineness and superior quality.' 

Our complete Catalogue sent free, on app/ication, 
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THE LAVERNE 

SCIOPTICON 




For parlor or small ball 



Slc&l eiperlDHUta, etc. , 
1 — .,.!.,.. gefoutotoidw.glveH, 



, anlasea, and firom Its simplicity and non-llabllltv t 
. . ;n In me ipcrtenced hands, reaulte auperior to all o\ 

When packed fbr carrying. In its own Russia Iran case, It mrsamice U z 15 
X e Inches, and weighs 12 pounds ; the case serving as a convenient Maud 
when the lantern Is In — 



, -eaned when required. 

The Conk, which carries the otdectlTe, and the mo 
nickel plated. TheoUecUveisa.dbable aohnunatlo '' 
inch clear apertore aiid flm Inch Ibcaa. bo that at k ■ 
taaa the screen it glTW a brilliant plotnre At ft«t In 
roughly ohtalned t^ sliding the front nrnlng both c__ 
adjuetmenC by a mck and fdnitHi on the ot|)Bi]tlTCL 
IMPORTED AND D 

Gayton a. Dougl 

Msraluinta 1>- 

PHOTO<3RAPHIC 

las & 187 Vi^abeush A-« 



PHOTOGRAPHIC APPAfWTUS AMD MATERIAL. 

MAQIC LANTERNS. 
8UQES. 




MOST 
AND CAAEFULLY 
PACIFIC COAST. 



WILSON'S PHOTOGRAPHIC MMINE 

Is issued every UrA and Ihird Saturday of the month. Everj nmnber 
contains a handsome pholo-embellishment. Il isintCDdedtoadnnce 
photography in (he highest sense. II is published ia the interest of its 
subscribers by its editor, owner, and publisher. Its embellishments 
and illustrations will be more numerous than ever. Ha magaiiiie 
in the world publishes so many or gives such useful photoeraphic 

SEND FOR PROSPECTUS AND PREMIUM LIST. 



SUBSCRIBE NO^V. •S.OOitrurt •'.SO(OrBlxMflBUU|«L»SA>r 

ThrEc Moutlu I 30 Ccnu per •apy. 

SpcclDaen cop^ free to All ^ho luc a Cataicn. 

Tlu Beit Photognphlc Boolu. Send for CateloCMo. 



EDWARD L. WILSON/ 

853 BROADWAY, NEW YORK. 



